> 


AERONAUTICAL JOURNAL 


FOUNDED 1897 in succession to the ANNUAL REPORTS) 


The Organ of the Aéronautical Society of Great Britain 


Telephone Published Quarterly 
9761 CITY. EDITED FOR THE COUNCIL BY 


BERTRAM G. COOPER, A.F.Ac.S. Subscription per 


Annum, post free, 


Telegrams : 


**DIDASKALOS, 
WEsTRAND, Lonpon.”’ 6s. 6d. 


All Communications should be addressed to— 


THE EDITOR, 11, Adam Street, Adelphi, W.C. 


OCTOBER, 1913. VoL. XVII. 


Notices of the Aeronautical Society of Creat Britain 


OFFICIAL NOTICES 


August Elections: Member :—Dr. R. MuLLINEUX WALMSLEY. 
Associate Members: Capt. J. T. Dreyer and Lirzut. T. Toyopa. 


September Elections : Members :—Masor W.S. BRaNcKER, W. E. DomMeErt, and ALEX. 
HOLLE. 


October Elections: Members :-—E.T. Busk, 8. W. Hiscocxs, R. H. Mayo, and G. Warts. 
Foreign Members :—B. D. Cursett, 8. V. Serti, and J. L. Weston. 


“| Fellows Election: As a result of the ballot for Fellowship, the following have been 
elected : Horace Darwin, F.R.S.; W. H. Dings, F.R.S.; J. W. Dunne; Dr. R. T. 
GLAZEBROOK, F.R.S.; Sir GEorRGE GREENHILL, F.R.S.; Cou. H. C. F.R.S. ; 
Auec. OcitvieE; Dr. W. N. SuHaw, F.R.S. 


Council: Dr. T. E. Stanton, Dr. A. P. Tuurston, and Dr. R. 
WaLmsLeEy have been co-opted under Rule 14 to fill the vacancies on the Council caused 
by the retirement therefrom of Lieut. R. Grecory, R.N., Masor E. M. Marrianp, 
and Mr. T. W. K. Crarke. 


“ Programme Session 1913-1914. The following Meetings have been arranged 
for the forty-ninth Session, and will be held at the Royal United Service Institution, 
Whitehall, at 8.50 p.m. :— 

Wednesday, November 19th.—‘ The Right to Fly.” By Roger Wallace, K.C. 

The Honourable Mr. Justice Atkin in the chair. 
Wednesday, December 3rd.—‘‘ The Coming Airship.” By Captain C. M. Waterlow, 
A.F.Aé.S. Major-General R. M. Ruck, C.B., R.E. (ret.) in the chair. 
Wednesday, December 17th.—*‘ The Science of Fast Flying.” By C. T. Weymann. 
The Rt. Honourable the Lord Montagu of Beaulieu in the chair, 
B 
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Wednesday, January 7th_—‘‘ Wind Gusts and the Structure of Aerial Disturbances.” 
By Dr. W. N. Shaw, F.R.S., F.Aé.S. 

(The Royal Meteorological Society will be the guests of the Society on this occasion 
and a joint discussion will take place.) 

Wednesday, January 21st.—‘‘ The Stability of Aeroplanes,” illustrated by Experi- 
ments with Paper Gliders. By Leonard Bairstow, A.R.C.Sc. Sir Alfred 
Keogh, K.C.B., F.R.S., in the chair. 

Wednesday, February 4th.—‘‘ Further Developments of Military Aviation.” By 
Lieutenant-Colonel F. H. Sykes, A.F.Aé.S., Royal Flying Corps. Lord Syden- 
ham in the chair. 

Wednesday, February 18th.—‘ Aerial Navigation at Sea.” 

Wednesday, March 4th—‘‘ The Rational Design of Aeroplanes.” By Archibald 
R. Low, M.A., A.F.AéS. Mervyn O’Gorman, C.B., M.I.M.E., A.F.A6S., 
in the chair. 

Wednesday, March 18th—Annual General Meeting at 8.0, followed by “ Lessons 
Accidents have Taught.” By Colonel H. C. Holden, F.R.S., F.Aé.S.  Major- 
General R. M. Ruck, C.B., R.E. (ret.), in the chair. 

Wednesday, April Ist.—‘‘ Aeroplanes.” By G. de Havilland. 

Wednesday, April 15th—‘‘ The Value of Ballooning as a Training for Flying.” 
By Griffith Brewer, A.F.Aé.8., and Major E. M. Maitland, A.F.Aé.S., Royal 
Flying Corps. A. Mortimer Singer in the chair. 

Wednesday, May 6th.‘ The Calculation of Aeroplane Wing-Spar Stresses.” By 
Harris Booth, B.A., A.F.AéS. 

Wednesday, May 20th—Wilbur Wright Memorial Lecture. Dr. R. T. Glazebrook, 
F.R.S., F.A6éS. 

1.—DIscussIONS WILL TAKE PLACE AFTER EACH LECTURE. 

2.-_Members do not require tickets of admission, and have the privilege, under 

the Rules, of introducing visitors to General Meetings. 

3.—Tickets for visitors, not introduced, may be obtained of the Secretary, Acro- 

nautical Society of Great Britain, 11, Adam Street, Adelphi, W.C. 

4.—Extra Lectures and Details, and changes in the dates of Lectures are advertised 

in Flight, The Aeroplane, Aeronautics, and The Car. 


“ Wilbur Wright Memorial Lecture. Dr. R. T. Glazebrook, F.R.S., has accepted 
the invitation of the Council to deliver the above Lecture on the 20th May next. Full 
details will be announced later. 


€ Library. The Council desires to thank the following gentlemen for their gifts 
to the Library :—Mr. A. Graham Clark, for a copy of his paper on “* Aeronautical Engines.” 
Mr. J. W. Gordon, for a copy of his paper ‘* Notes of an Engineering Theory of the 
Gyroscope.” Mr. T. O’B. Hubbard, for a copy of “ Le Probléme de Ja direction des 
Ballons.” R. Soreau, 1893. The Law Students’ Debating Society of Ireland, for a 
copy of “ The Law in its Relation to Aerial Navigation,’ by F. 8. Sheridan. Mr. B. 
Graham Wood for the gift of six lantern slides of Wright type, Weiss, and Chanute type 
Gliders. 

The Council also desires to thank the Editors of The Aeroplane and Flight for their 
courtesy in loaning photographs of recent machines, &c., from which lantern slides 
have been made for the Society’s Library. 


“ Aero Show, 1914. The International Aero, Motor Boat, Marine, and Stationary 
Engine Exhibition will open at Olympia on March 16th, 1914, and terminate on March 
25th. The number of the Society’s stand will be announced later. 
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OBITUARY 
WILLIAM TREGARTHEN DOUGLASS 


Ir is with deep regret that we chronicle the death of this very eminent engineer. 
Mr. Douglass, who was drowned through the upsetting of a small sailing yacht off Start 
Point in August last, was born on March 23rd, 1857, and was educated at Dulwich and 
King’s College. His first work in connection with lighthouses, with which his name will 
always be associated, was during the erection of the present Eddystone lighthouse when 
he acted as assistant engineer to his father. From that time onwards he was occupied in 
many engineering works of a permanent nature. He designed and constructed nearly 
forty lighthouses in different parts of the world, and carried out harbour works and sea 
defence works at numerous places in Scotland and around the English coast. 

His interest in aeronautics was evidenced by his membership of the Aéronautical 
Society, while during the remodelling, in 1911, of the Society's constitution he rendered 
invaluable assistance on the Committee which was chosen for that purpose. 

To his fine talents and business capabilities was added a warm-hearted, even im- 
pulsive, nature, and his many friends in the engineering and aeronautical worlds will 
unite in mourning both for a brilliant career so tragically cut short and for the charming, 
kindly and inspiring personality of the man we knew and admired. 

The Council of the Aéronautical Society, at a meeting on August 13th, passed the 
following resolution :— 

“The Council of the Aéronautical Society of Great Britain has heard with great 
regret of the death of its late distinguished member, William Tregarthen Douglass, who 
rendered invaluable assistance in 1911, at a critical period in the history of the Society, 
and desires to extend the deepest sympathy to his family in their sad bereavement.” 


SAMUEL FRANKLIN CODY 


Frew indeed are the men whose loss could inflict so bitter a blow upon aeronautics as 
that of S. F. Cody, who summed up in his unique personality almost the entire history 
and development of aviation in this country. But the effect of his loss will be felt beyond 
the narrow confines of these shores, for his achievements were of international repute 
and aroused a world-wide echo. 


On the morning of August 7th he fell with his passenger, Mr. W. H. B. Evans, from 
a height of some 200 feet with his biplane at South Farnborough. Both were killed on the 
spot. Subsequent inquiry points to the failure of the structure of his machine in the air. 
At that let the matter rest. 

Samuel Franklin Cody was born in Texas in 1861. At an early age he came over 
to England with his wife and family and toured the country with a ‘‘ Wild West”’ show. 
The living was a precarious one, though ever after Cody looked back with affectionate 
regret upon those early strenuous days of toil and failure, that left their ineradicable 
mark upon the man, moulding his boisterous and picturesque personality. 


It would be useless to inquire the origin of his life-long interest in kites ; no doubt 
it was one of those freaks of nature that lead to epoch-making results, a trend of his 
subconscious mind. Suffice it to say that he resolved to exploit the kite as much for the 
purpose of his own advancement as for the ultimate future which he saw dimly looming 
ahead. He built a team of kites, attached them to a rowing-boat, and by their unaided 
means sought to cross the Channel. Nearly he succeeded, vet even his comparative 
failure proved the turning-point in his career, since it led to his discovery by Colonel 
Templer, then director of the Balloon Factory. Before long he was definitely appointed 
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kite instructor to the Army and evolved his famous teams of man-lifting kites in which 
he proved himself the greatest expert the world has ever known. Certainly, he equipped 
the British Army with the only successful kiting outfit now in existence or, since now 
the aeroplane has so restricted the field of the kite, ever likely to be. 

He was next engaged on the mechanical part of the Nul/i Secundus, for which, and 
for the engine in particular, he was largely responsible. This old ‘* Antoinette” he 
subsequently built into his first biplane, and right loyally it served him for years. But 
then, although the ** Antoinette ” was a fine engine, Cody was ever able to obtain more 
from an engine than most others, for he was a natural motor mechanic of exceptional 
ability. 

From the kite to the aeroplane the transition was inevitable. While at the Balloon 
Factory he built his first biplane, but before it ever flew, he had severed his connection 
with the Government institution chiefly by reason of incompatibility of temperament, 
though his contention of unfair treatment received official endorsement to the tune 
of £5,000 awarded him subsequently by arbitration. He went on alone, relying entirely 
on his own resources, after this, unabashed, trusting confidently to his own bright par- 
ticular star. Never was confidence better justified. He made his first short flight in the 
summer of 1908, one of the first two accomplished in this country. In May of the follow- 
ing year be began to achieve distances in excess of a mile, real flights these. In August, 
1909, it was decided to present him with the Silver Medal of the Aeronautical Society 
of Great Britain “in recognition of his services to aeronautics ” (see AERONAUTICAL 
JOURNAL, October, 1909). The actual presentation took place on Friday, December 10th, 
1909, at the Royal Society of Arts. The proceedings are reported in the Journal for 
January, 1910, and members should turn up this record, if only for the delightfully char- 
acteristic speech Cody made in acknowledging the medal. On September 8th, 1909, 
Cody flew for a period just exceeding one hour and thereafter entered upon his great 
aviation career. Let the bare facts relate his record. On December 3lst, 1910, he 
won the first Michelin prize with a flight of 185 miles. On October 29th, 1911, he won the 
second of these prizes by flying 261} miles. Just previously, on September 11th, he had 
already won the other Michelin prize by accomplishing 125 miles across country in three 
hours seven minutes. On the same machine he completed the Circuit of Britain, and 
with another of similar type carried off the first prizes in the International and British 
classes of the Military Aeroplane Competition last year. For this feat he was awarded 
the Gold Medal of the Royal Aero Club. 

In June of the present year he was elected an Associate Fellow of the Society, an 
honour to which his past work fully entitled him, and which he would have done even 
more to justify had he been able to carry out the great schemes he was devising at the 
time of his death. 

At a meeting of the Council of the Society, held on 13th August, 1913, the following 
resolution was passed, and was afterwards communicated to Mrs. Cody :— 

“ The Council of the Aeronautical Society of Great Britain deeply deplores the loss 
of Samuel Franklin Cody, an Associate Fellow of the Society and its Silver Medallist in 
1909, whose devoted energy and genius have contributed so much towards the advance- 
ment of aeronautics, and desires to extend to his family the deepest sympathy in their 
great bereavement.” 

Of the man himself little more need be said, for his achievements form his most 
enduring title to fame. Everything connected with him was made on a large scale. 
On the whole, taking the good with the bad and allowing for all his failings, one may 
safely set him down as one of the few great men who have made history in aviation. 
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Tue TENTH MERTING of the Forty-eighth Session of the \éronautical Society 
of Great Britain was held at the Royal United Service Institution, Whitehall, S.W., on 
Wednesday, 9th April, 1913, at 8.30 p.m. Sir John Thornycroft, LL.D., F.R.S., in the 
chair. 


AIRSCREWS 


BY ARCHIBALD R. LOW, M.A., A.F.AG.S. 
NOTES ON DRZEWIECKI’S THEORY OF ATRSCREWS 


General Definitions and Descriptions 


> 


1. The general name “ airscrew ” will be used throughout for the organ of propulsion 
of aircraft. 

When the airscrew is in front of the main lifting surfaces it is called a tractor, when 
behind them a propeller. 

When it turns clockwise, as seen by an observer standing in the blast (1.e., behind 
the aircraft) it is called right-handed and, when anti-clockwise, left-handed. 

Airscrews are thus classified as :— 

Propellers or 

Tractors. 

Right-handed or 

Left-handed. 


2. An airscrew is constructed with two or more blades set symmetrically around 
an axis of symmetry or principal axis of inertia. 

Each blade is bounded by two approximately helicoidal surfaces, the face and back 
of the blade. These surfaces meet in two well-defined edges, the leading edge and the 
trailing edge. 

Such a blade can only be completely determined by showing face and side elevations 
and a sufficient number of sections, usually plane sections at right angles to a fixed 
arbitrary line in the blade and parallel to the axis of symmetry, or sections by cylinders 
coaxial with the airscrew, or finally by plane projection of these latter. 

In practice no distinction will be made between the plane section and the projection 
of the cylindrical section on the plane, the difference being negligible except perhaps 
at the smallest radii, where it is of least importance. 

3. In fig. 1 we have a face elevation showing the boss drilled for balancing 
purposes, but not for the hub to which it is bolted and which in turn is keyed on to the 
motor shaft. 

The axis of symmetry is taken as the X-axis, and is at right angles to the plane of 
the paper. 

In fig. 3 the line cutting the chords of the sections at one-third of the chord 
length from the leading edge is a straight line perpendicular to the X-axis, and cuts 
it, and may be taken as the Y-axis. 

The Z-axis is obviously to be chosen as a line perpendicular to the X- and Y-axes 
through their point of intersection. 

In drawing-office practice the Y- and Z-axes are chosen for convenience of laying 
off the blades, or rather the method of laying off depends partly on the choice of axis. 

For example, in the Chauviére airscrew the trailing edge is chosen as the Y-axis, 
and this gives a distinctive appearance to the blade. 


4. In figure 2 the boss is shown in section in the XZ plane. 
The direction of motion of the centre of gravity of the aircraft is usually parallel 
to the X-axis or nearly so. 
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The limits of divergence are generally well within 15° when the motor is running 
full. 

In what follows it will be assumed that the divergence is negligible unless stated 
specifically. 

5. In fig. 3 six sections of the blade are shown at 1/6th,2/6ths . . . . 6/6ths 
of the blade length from the centre. 

These sections are cylindrical and coaxial with the airscrew, and are projected on 
planes perpendicular to the Y-axis. 

To bring them into the plane of the paper they are turned through a right angle 
about subsidiary axes C,X,, C.X», &c., parallel to the X-axis, supposing fig. 3 to be 
superposed on fig. 2. 

6. In workshop practice this number of sections is sufficient to enable the airscrew 
maker to lay off the airscrew and shape it. 

Gauges are set for the edges, and templates are made for the back of the blade at 
the given sections, A,B,, A,B, &c., which are cut accurately to the templates. 

Finally a smooth surface is planed by eye across the six standard sections of reference 

The boss is shaped separately and the blades are run off smoothly into the boss. 


Pitch of Motion (Advance per Turn) 


7. In fig. 3 let 
V =velocity of aeroplane. 
w =angular velocity of airscrew. 
n =revolutions per second of airscrew. 


] 
Let — be the linear scale of the figure. 
m 


1 
On the scale ( - }, OD represents the advance per radian of angular displacement 
m 


On the scale z : , OD represents the advance per turn, A 


a7 iti 


1 1 
On the scale . or , OD represents the advance per second, or aeroplane 
27nm wm 
velocity, V. 
The advance per turn is the pitch of the geometrical helicoid traced by the Z-axis 
OCs C,, and is the same for every element of the airscrew. 


\ 
The advance per turn — or A may be called the pitch of motion. 
n 


The lines C,D, C.D . . . . OC,D represent the cylindrical paths of the points 
CC, ‘ C, when the cylinders are developed on a plane. 
Hence on the scale =» OD represents the axial velocity of the airscrew, CO the 
peripheral velocity, and CD the resultant velocity through the air of the point C 
fixed in the blade. 
Let the chords B,A, . . B,A,makeanglesi, . . ig withthelines C,\D . . C,D. 
Then i; . . .ig are defined as the chord angles of attack of the blade at 
It is clear from the figure that the angle of attack is the angle of the chord with 
the path of the blade. 


If the blade is designed so that for a given ratio ( )! the angles i, . . .i, are 
WwW 


each equal to (i),, then the blade is said to have a constant chord angle of attack. If, 


i 
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however, any other ratio be taken it might be shown easily that as » Varies from 
the value (—)}, the anglesi, . . .i, vary at different rates from the initial value (i);. 
Hence a blade can only be designed to have constant angle of attack for one value 
-. 
9. Let A,B, . . . A,B, meet OX in E,E, . . . E,. Then on the scale 
1 
be , OE, . . . OE, represent the chord pitch of the blade at Ath . . . 6th 
27m 5 
of the blade length from the X-axis. 
As a rough and ready means of comparison of airscrews of similar construction it 
is useful to measure the chord pitch at several points. 


If the chord length be constant and the angle of attack constant for a vaiue of— | 


not much different from actual running conditions, then the chord pitch at ? blade length 
from the axis is a rational average of the pitch, and is a useful comparative standard. 


Definitions of Pitch other than Chord Pitch 


10. If we attempt to define the pitch of the airscrew by reference to the whole 
surface we should have to proceed as follows :— 

At any point P on a blade draw a tangent plane to the blade surface cutting the 
axis in T. 

Join PT then if we give P.T. an angular velocity and an axial velocity it will 
describe a helicoidal surface, and if the ratio V:w is chosen properly the helicoid will 
touch the surface of the blade at P. 

The pitch of the helicoid is the pitch of the element of surface at P. 

The angle PTX is not necessarily a right angle. 

If a right angle, the helicoid may be called right ; if not a right angle, the helicoid 
may be called oblique. The pitch of the helicoid is the value of V+w. 

If we explore the surface of the airscrew in this way we cover it with lines of equal 
pitch running generally in the direction of the blade’s length, and lines of equal obliqueness 
running generally across the blade (see fig. 4). 


Fia. 4 


It is seen now, that if we define the pitch of an airscrew as the rate at which it will 
screw itself into a solid substance, each line of equal pitch will try to screw itself at a 
different rate from other lines of equal pitch. 


Aerodynamical Definition of Pitch 


11. The previous definitions of pitch depend only on the geometry of the airscrew 


blades. 
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If we regard the airscrew from the point of view of the reactions on the blades we 
may define the pitch as follows :- 


As — varies from zero upwards the resultant axial reaction on the blade diminishes, 


passes through zero with change of sign, and becomes negative. Putting . 


us the value for which the thrust is zero, is defined as the aerodynamical pitch of 
the airscrew. 

This definition is equivalent to determining a helicoidal surface of reference fixed 
in the airscrew blade, and difference of pitch between this helicoid of reference and the 
helicoid of motion might be substituted for the angle of attack. 


12. An analogy is found in curved sustaining surfaces. As the angle of incidence 
of the chord varies from zero in the negative sense, the sustentation (which is not zero 
for zero chord incidence) diminishes, and for a certain negative value of the chord 
incidence, determined by experiment, becomes zero. 

The position in which the sustentation becomes zero is defined as the position of zero 
incidence. 

The objection to this method of defining the incidence is that any experimental 
error is repeated in every subsequent reading. 


13. The objections to the aerodynamical definition of pitch are stronger. 

As with the position of zero sustentation so the helicoid of zero airscrew reaction 
is determined by experiment, and any error in the determination runs through all 
subsequent figures. 

Further, the presence of frictional forces with a component parallel to the axis 
obscures the meaning of the zero reaction. 

The point of zero thrust is not actually the zero point of the average reaction, 
but the point at which the axial component of the frictional forces is balanced by the 
actual thrust. 

In practice it is more convenient in every way to refer to chord pitch for each 
element of the propeller, and, if desired, to take some sort of average angle of attack 
over the different sections. 

l4. Referring to fig. 5 reproduced from the Koutchino Laboratory Bulletin, part IT, 
a further objection to the aerodynamical definition of pitch is seen, in that the thrust 
is zero for the following values of V and n :— 


V 
V in metres per sec. nh revs. per sec. 
27n. 
19 “0252 
5) 28 “0256 
6 36 “0265 


Hence, not only are experimental errors present, but the ratio for which the thrust 


is zero varies with V. That is is not constant when V varies. 


Nature of Flow of Air in the Neighbourhood of an Airscrew at a Fixed Point 


15. When an airscrew turns at a fixed point in a very large mass of air originally 
at rest, a circulation of air is set up as shown in fig. 6. Immediately after the 
motor is set in motion the observed thrust gives indications of being considerably larger 
than after steady motion is attained, and this is in accordance with general principles. 

Probably, when the circulation is definitely established, there are niore or less constant 


tubes of flow. 
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The rotary motion, strongly marked behind the airscrew, has quite disappeared by 
the time the flow has reached the front of the airscrew. 

The curious contraction at the propeller tip and the eddy region at the airscrew 
boss mark the ** vena contracta ” of the stream of air. 

Tests of propellers at fixed points indicate that the axial components of velocities 
before (v) and behind (V) are in the ratio 2:3. Hence, the cross sections before and 
behind have areas 3:2. (See Riabouchinsky, part Il). The ratio is approximate, of 
course. 

When the airscrew travels through the air at the designed speed of the aeroplane 
the ratio v: V diminishes, and the contraction at the tip and boss no doubt become less 
marked. 

It may be concluded that the relative flow of air across each strip of an airscrew blade 
is nearly represented by a velocity whose components are the speed of the aeroplane and the 
peripheral speed of the blade at the cylindrical strip under consideration, except for small 
regions at the boss and blade tip. 


Fie. 6 


End Conditions at Boss and Tip 


16. At the boss there is a considerable region across which the flow has a large 
positive radial component of velocity (away from the axis). 

At the tip there is a region (considerable in a test at a fixed point, but reduced in a 
test at full speed), where there is a component of negative radial velocity (towards the 
axis). 

The relative “ weight ” of an elementary strip cut off by two consecutive cylinders 
co-axial with the airscrew is approximately proportional to the width multiplied by the 
radius cubed as will be seen later. 

Hence, the alteration of flow at the tip is of much greater importance than that at 
the boss. What effect it has on the true form of the functions representing thrust, torque 
thrust-power, and torque-power, it is impossible to say in the present state of research, 
but it is taken here to produce merely an arithmetical alteration in the value of the 
coeflicients obtained by neglecting these boundary conditions. 

The results thus obtained will be found to give reasonable agreement with experiment. 
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Formal Discussion of Drzewiecki’s Theory 


17. Let a two-bladed airscrew be cut by a coaxial cylinder of radius r (fig. 7). 

Let the cylinder be cut along a generator K and developed on a plane. 

In the developed cylinder let A’B’ be the chord of the section of one blade, A”B” 
of the other. 

Let C’P’, C’P”, be the development (into parallel straight lines) of the helical 
paths of C’, C’, through the air. 

CK 
Then C’C” for “a” blades |. 


2 2 a 


Draw C’N perpendicular to C’P” and let C’N equal p. p is the perpendicular 
distance between the blade paths. 

Draw C’Q perpendicular to KK. 

Then angle C’C’N =angle C’QC” =f say. 


Again, C’C” zr and (0’Q - (the advance per half turn). 


n 
C’C”  Qrnr 
CO 


Further, C’N perpendicular distance between paths of blades = p. 


tan C’QC” = tan 


p =C’C’ cos = zr cos /3. 


\ 
\/{ / 
AND PRO- PROJECTION OF 
WECTED ON TOA 
\ / PLANE CYLINDER SURFACI 


/ 


+4 NDER! 


| 
A 
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Fig. 7 


It is assumed that the interference of the blades is proportional to the chord, e, 
directly and the path distance, p, inversely. 
Let the ratio *- be called m where usually 1<m <3 in practice. 
The width of blade at any radius r is now given by 


chord = 2 = é 


m m 
V/or 
N cos p 
Now tan \ V1 + V2/w?r2 


| 
| / 2 
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At the tip wr = 5V in Fig. 3. 
Hence, for the outer, and most important part of the blade, cos 3 is nearly equal 
V \ 
to and r cos to 
wt 
Hence, we may take Drzewiecki’s rule :— 
Chord = constant = without much increasing the interference of the 
Ww 
blades compared with the above rule. 
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bo 


Analogy between Reactions on Sustaining Surfaces and Airscrew Blades. 


18. We shall use the analogy to determine, at least to a first approximation, the 
reaction on each element of blade. 
In Fig. 3:— 
1 . 
On the scale ~ OC represents wr the peripheral speed, OT represents V the axial 


speed and CT represents V;, a the resultant relative speed of blade and air at the 
COs 


section under consideration. 
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Hence, assuming that V,, or /@2r2 + V2 is really the approximate relative speed 
of the air and blade, and that it flows cylindrically across the blade we may use the 
ordinary experimental results for a sustaining surface. 

Kiffel has experimented with blade sections of various thicknesses and gives, 
forexample, the following values for typical blade sections. (Second edition, p. 169) :— 


5/DSths radius .. “0028 “O29 
4/5ths “0029 030 
2/5ths es 0049 O40 


19. Later we shall use the symbols K,, Kx, as the coefficients of reactions tangential 
and normal to the path of the blade relative to the air; and shall give them the same 
values as K, and K,. 

And to avoid the labour of fillmg in numerous values for different blade sections 
we shall find average values as follows :— 

It will be shown that the effect of each section on our hypothesis is proportional 
to the sum or difference of three terms each nearly proportional to rK, r2Ky and rk. 
respectively. 

Hence, applying the first theorem of the mean of the integral calculus we may 
find average values of K;, K» for the three terms and then integrate over the blade. 
We define these average values by the equations :— 

Ky = Ky ~ 


ste . 
The ratios M’ = K’, + M’=K, + K’y are useful in carrying out 
arithmetical computations. 
These values are shown in figs. 8, 9 and 10 for a typical blade. 


20. We are now in a position (following Drzewiecki) to write down the reaction for 
each element of blade and to integrate by means of the mean values of Ky and K,, bearing 
in mind that any discrepancy between theory and actual conditions near the boss and 
near the tip is to be considered as affecting only the numerical value of the averaged 
coefficients, K’; 

Take a strip of airscrew blade between two consecutive coaxial cylinders of radius r 
and r+dr respectively. 

Let “a” be the number of blades. 

The area of the strip is given by dS = cdr. 

Calling the blade whose chord is proportional to the perpendicular distance between 
the blade paths the “ Rational ” blade, and the blade with constant chord the ‘‘ Normale ” 
blade, we have :— 
2rrdr cos 


Rational Blade edr = 
am 


27Vdr 


amw 


Normale Blade cdr = 
21. The relative velocity is ae hence using the analogy of the formule X =K,SV2 
) 08 
we get =K,S\ 2 


Xeaction on strip of blade, normal to blade path = dN, 


V _ rdr cos /3 
_ at s/o 
dN = K,d8S x 


Yeaction on strip of blade, parallel to blade path =dT, 


“dr 
dT Q7rV K, rdi 
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cos /3 
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22. Rational” 


Axial reaction on 


dX = 


Peripheral reaction on strip multiplied by 
dQ 
Substituting values of dN, 


\ 
or 
dX = 
an 
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strip = dX, 
dN sin 6 — dT cos B 


r(dN cos 
dT, 


+ dT sin p) 


onde [Ky tan 6 — K,] 


dQ = rdr [Ky + K, tan /3| 

am 
but” = tanB = w 
Hence 

‘ 

dX = wwdw [K,w — K,] 
am w? 
V4 

dQ, = -wedw[K, + K,w] 
am 


23. Integrating with the various reservations already discussed, we get as at least 


a rational first approximation 


= 


Q 


2a V4 


am w” 


Qa VY 
am 


Wo 


or using the average pe Ks K, 


Ww) 


radius 


'AL JOURNAL 


blade, resolving axially and peripherally : 


- dQ 


( K.w2dw — K,wdw) ) 
Wo 


K,w2dw + K,w'dw 


(element of torque), 


Thrust X =— 


am w? 


w? K. w,) 
Ks [5 ] 2 ] Wo) 
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Torque Q = Ky [ ] | 
am { Wo 4 Woy 
2r ( ) 
75 7am w? ( 
Qw 4 ) 
Torque PP =— == > + Is> 
2 
Efficiency 
I, +I, 
294. Drzewiecki’s Form (Hélice Normale) we have 
T 
amw 
dN =K,d8S 
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= dr 
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nw 


dX =dN sin — dT cos 


ES K 1 | 
~ amw cos me cos /3 


tan 
amw cos cos 


V 
putting r= tan 
V4 tan Bd tan d tan 3 
dX = am [ cos —K, cos | 
2r V5 tanfdtanf tan? Bd tan p 
am cos cos [3 
25. Put tan B=sin ng d(tan /3) = cos hudu 
ua hu 
aX 2x V‘ [Ky cos h?u sin hudu 
~ am w? — K, cos h?udu 
V* cos h?u sin hudu 
~am w? + K, cos h?u sin h?udu 
X= am wath — 
Qn V> 
~am 
XV V5 
Thrust P= 75 —I,] 
Torque wa + 


w2 
where I, = K,, cos h?u sin hjudu 
I,= K, cos h?udu 

I;= K,, cos h? sin h2udu 


26. These may be written 
= J Ks cos h?u d(cos hu) 


I,= J d(cos hu) 


sin hu 


1; cos h2u sin h?u d(cos hu) 


2 
and as cos hu and sin hu are each nearly equal to tan # for the outer half of the blade 
the mean values of K’, K’’y K’’’, may be taken as for the “ Rational’’ blade. 
27. The collected formule are :— 
Rational” Propeller, per blade. 
Thrust = Ky = 
75am w 3 w 
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9 75 3 
75am w2 Wo Wo 


** Normale” Propellor. 


Qn cos sin +2u7 4%) 
Thrust = | Ky — K, | 


Ug 


Qe cos hu  Tsin 4u] 4) 
cos 4 ) 


Now using the values w = Wek’, + 
Blade. 


2 ye M’) 
75am w 
Qe we ( \ 
N 
Effi i j= 
ciency = 9 1+ 
Discussion 


Mr. F. H. BramweEx: I must first congratulate Mr. Low on his very clear exposition 
of the theory of propellers due to Drzewiecki; but at the same time I feel obliged to 
criticise several of the minor points in his paper. 

Mr. Low has been very hard on the use of what he terms the aerodynamical pitch 
of a propeller, which I prefer to call the experimental mean pitch, that is. the advance 
per revolution when the thrust is zero. 

He gives some figures taken from the Koutchino Laboratory Bulletin showing the 
variation of this pitch with speed. These figures are an argument in favour of the 
experimental mean pitch rather than against it; as the total variation is only five per 
cent., 7.e., two and a half per cent. on either side of the mean value, for a speed variation 
from three to six metres per second. 

I have tested a large number of propellers and have found invariably that this pitch 
is constant within the limits of the experimental accuracy for a speed range of five to 
fifteen metres per second. 

It appears that this experimental mean pitch is a much more definite factor for the 
comparison of the performances of different propellers than the mean chord pitch, which 
has to be guessed more or less for any particular propeller. 

In the case of marine propellers, Froude has used the experimental mean pitch for 
the classification of his results, whereas the American experimenter, Taylor, has used 
the mean chord pitch. 

Many of Taylor’s results are badly exaggerated ; an examination of his work leads 
one to the view that this would have been avoided, had he used the experimental mean 
pitch. 

The reason for this is that the chord pitch takes no account of the shape of the back 
of the blade, which wind channel experiments have shown to be of much greater import- 
ance than the shape of the pressure face. 

I must object to Mr. Low’s statement that an error in the determination of the 
pitch runs through all the subsequent figures, as being misleading. 

Of course, if the thrust and power are expressed as functions of the slip, this is true 
to some extent; though even then I have endeavoured to show that the experimental 
pitch is much more definite than the chord pitch. 
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But the thrust and power are functions of the translational and rotational speeds 
(V and n) only for a given propeller, and the slip is only introduced as a convenient means 
of comparison ; so that, if the pitch taken in any particular case is stated, the results 
are independent of any errors in its determination. 

In this case it is not necessary to explain the exact physical significance of slip, but 
merely use it as a convenient function of V and n; its value being :— 


np 


I would also like to ask Mr. Low if he can give us any further justification for the 
statement “ the relative flow of air across each strip of an airscrew blade is nearly repre- 
sented by a velocity whose components are the speed of the aeroplane and the peripheral 
speed of the blade at the cylindrical strip under consideration.” 

The only justification that he has so far given is a somewhat loose argument from 
the consideration of a picturesque sketch (Fig. 6). 

The final test of this statement must be a careful comparison between calculations 
based on this assumption and actual tests. The tests must be very carefully carried out, 
as a small increase in propeller revolutions above the calculated value will make a very 
large increase in the values of the thrust and torque obtained. 

Finally I would like to emphasise the fact that it is possible to design a propeller 
without any theory at all, with very fair results. 

After carrying out a number of experiments on marine propellers at Cornell University, 
Durand summed up his results in a general statement which may be paraphrased to 
apply to aerial propellers, as : “* Anything that looks like a propeller will have an efficiency 
of about 70 per cent.” 

Of course, as is often the case with sweeping general statements, this must not be 
taken too literally. 


Vv 
1 a where p is the pitch 


Mr. F. Hanpiey Pace: Mr. Low has dealt with this question solely from the point 
of view of what happens to the air as it passes across the blade. In other words, he 
has followed the Drzewiecki theory throughout. From this theory can be deduced the 
correct angles and cross sections of each part of the blade. No clue, however, is given 
as to the best shape of the blade for highest efficiency. It does not follow by any means 
that the ratio of lift to drift and the lift coefficients taken for the section chosen from 
an aeroplane experiment will be identical with the results obtained when the section is 
part of a propeller blade revolving in a helical path and encountering disturbed air. The 
coefficients must be modified to accord with practical results obtained. Mr. Lanchester 
has pointed out in his Aerodynamics that for besc efficiency the momentum imparted 
to each portion of the slipstream should be identical. - This really is the second half of 
the problem and deals with the question from the point of view of the slipstream and 
approaches the problem on the basis of the Rankin or Froude theory. 

There should be no antagonism between the two methods of design, but they should 
rather be used in conjunction for the correct determinaiion of all the constants of the 
propeller blade. 

In the making-up of propellers, I have generally found it easier to have the successive 
laminations cut out to shape before they are glued up, and then the finishing off of the 
sections is a matter easily accomplished without the use of templates. 


‘ 


Colonel pe VittamiL: It is commonly taught that in a “ perfect” liquid there 
could be no resistance, and this is, of course, generally believed ; though I maintain that 
it 1s absolutely untrue. I may be told that this has teen proved by the mathematicians 
and so is beyond dispute. Granted the mathematicians’ conditions—within their very 
narrow limits—I, of course, accept its accuracy ; I should, however, like to put in a plea 
for Newton, who, it will not be denied, was also a mathematician. He said that: “ In 
mediums void of all tenacity (sometimes the word used is ‘ lubricity’) the resistance 
made to bodies is in the duplicate ratio of the velocities.” 

Nobody, I suppose, reads the Principia in these days, and it is rather the fashion 
now to sneer at Newton. It is customary for writers—who, of course, do not trouble 
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to read the Principia, or even to verify any quotations from it—to take (what they believe 
to be) a statement of Newton’s, put it on a post and shy stones at it. This is done to 
show how very much cleverer we are than was Newton. Such being the case, I will 
refer to certainly one, if not the greatest intellect of the nineteenth century—Lord Kelvin. 
His writings are all opposed to the “no resistance in a perfect liquid” theory: fo1 
example, his paper on the formation of coreless vortices in a perfect liquid. If this is 
not sufficient, I might add the names of Helmholtz, Kirchhofi, and last, but not least, 
Lord Rayleigh : all these are undoubtedly mathematicians, and they are all out of accord 
with this view also ; for it is hardly necessary for me to point out that the ‘ Helmholtz- 
Kirchhoff ” type of flow—more commonly known to-day as the “ Kirchhoff-Rayleigh ” 
flow—is certainly not a “no resistance flow,” though it is assumed as taking place in a 
perfect liquid. 

Assuming, however, for argument, the truth of the Engineering Professor’s state- 
ment, it is clear that a screw-propeller could not work in a perfect liquid. If, then, we 
suppose the Atlantic Ocean, say, to be composed of perfect liquid and that a torpedo be 
immersed in it at a depth at ten feet, when the propeller revolves the torpedo will not 
move. If, however, we add a small quantity of glycerine to this perfect liquid—just 
sufficient to make it very slightly sticky—the torpedo will then progress rapidly. I should 
like to know how this is to be explained : how, in fact, the “ trick is done.” 

In the screw-propeller theory, the blades are supposed to drive the water backwards 
and so cause a reaction, which, in turn, propels the ship forwards. This is Rankine’s 
theory, and I confess it requires some audacity to get up and question it ; nevertheless 
I do so. Rankine said that not only screw-propellers but all propellers acted in this 
manner. 

We will assume the sketch to represent a torpedo, with a screw fixed as a “ tractor.” 


Fie. 11 


This screw acts, we are told, by driving the water backwards against the torpedo. If, 
then, we can prevent the water from going backwards the screw should no longer act. 
If, however, a circular plate be placed behind the propeller, as in the sketch, it will still 
continue to tractate, as before, though less efficiently. An objection to my argument 
may be raised, that though the water cannot go backwards in a direct line, that it still 
goes backwards round the plate, as shown by arrows. The objection is doubtless sound ; 
let us, however, reverse the propeller. It ought, now, theoretically, to drive the water 
forwards and so push the torpedo backwards. It does nothing of the sort : revolved in 
either direction the torpedo advances. This experiment is as old as Griffiths, who first 
found it out. 

Still another point. In the theory of the screw-propeller the thrust is always 
expressed as a function of Pitch multiplied by Revolutions ; or as : 
T=C.PR, where C is a consiant. 

If, then, P=o, the thrust should be zero; but it is not difficult to design a propeller 
which has no pitch, or where the pitch is zero, but which will propel. 

I do not think it would even be impossible to make a propeller with a small negative 
pitch and which would give a small thrust ; just as an aeroplane will give a lift even at 
a small negative “ angle of attack.” 
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Mr. F. M. Green asked the lecturer why he quoted Drzewiecki when Lanchester 
had published a similar investigation on propellers a good many years ago? He was 
not certain which investigation was published frst. 

He accepted the theory as being a satisfactory workable one, but the chief difficulty 
was to obtain lift and drift constants. Owing to the impossibility at present of working 
in the air channel at air speeds approaching those used for propellers, it was necessary 
to use constants obtained direct from propellers. 

He asked the lecturer whether he had any suggestions as to the aspect ratio of the 
blade, as he thought it was of some importaace. 

He suggested that the number of blades might frequently be increased with advan- 
tage, in order to obtain a higher aspect ratio. 


Mr. R. O. Boswati: The theory propounded by M. Drzewiecki is undoubtealy of 
considerable interest, and the author is on the whole to be congratulated on the manner 
in which he has condensed the problem into such small compass, but the very fact of its 
heing so concise renders it liable to some criticism. There is too great a tendency to 
resort to dogmatic phraseology without the necessary qualifying statements which are 
essential to clear and definite proof or explanation. Much of the information could 
advantageously have been expanded or amplified without necessarily increasing the 
length of the paper, and much of the elementary work which occupies so much space at 
the beginning of the paper might witl: advantage have been climinated, for in contrast 
with the more advanced treatment adopted in the latter part of the paper this preamble 
seems hoth trivial and unnecessary. 

Apparentiy the generally known theory has been fairly closely rollowed throughout, 
but some discrepancies must not be left disregarded. 

For instance the position of the vertical or Y-axis at a distance of one-third the 
breadth of the blade from the attacking edge is hardly in accordance with the usually 
expressed theory which states that the correct position for this axis is at a distance of 
one-fourth the blade width from that edge. Perhaps some reason not referred to in the 
paper has led to the adoption of the new position, but from a consideration of the value 
of the angle of attack and the correspondingly forward position of the centre of pressure 
it would appear that the origina! position was the one that could be relied upon to give 
a minimum of that twisting effect on the blade which has been stated to be so detrimental 
to successful working. 

A further question of some importance has reference to the shape of the blade surface. 
The diagrams distinctly show a concave surface, ia spite of the fact that this is in definite 
contradiction to the rule formulated by M. Drzewiecki, who implicitly states in his book 
that it is doubtful if any advantage accrues from the formation of concave surfaces on 
airscrew blades, for while a concave surface may be essential in the case of “ sustenteurs ” 
which have to he so designed as to give maximum lifting capacity with minimum weight, 
this rule does not of necessity follow in the case of airscrews which must be designed 
more from considerations of efficiency than from weight. Respecting the varied opinion 
that must exist regarding this point, particulars showing the relative efficiencies of air- 
screws with the two types of surface conditions would not have failed to give additional 
interest to the subject. 

The curves that have been drawn with the ostensible object of giving at a glance 
the various constants to be applied to the formule deduced are certainly interesting if 
not quite conclusive, for apart from the figures taken from “ Eiffel”? and applicable to 
planes at an angle of 5°, no definite explanation is given in the text as to the method 
adopted in drawing the curves for a range in value of the angles. With respect to the 
angle of attack the value of 5° is given in Fig. 1, but apparently no reasons have been 
given in support of the adoption of that particular value. An assumption of this sort 
requires explanation. Does this value represent the angle of attack for which maximum 
efficiency is to be obtained, and if so, why? A brief reference to frictional conditions 
would obviously have done much to clear up this point, for it is generally agreed that 
at the high speeds that are customary under practical running conditions, the flow of 
air across the blades does tend to introduce a skin friction effect which is hardly a negligible 
factor. Regarding blade form the paper gives particulars of two types only, but surely 
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besides these it would not be impossible to construct an airscrew with any desired shape 
of blade without leaving the conditions that govern the theory, for it seems perfectly 
reasonable that if the theory can be applied to blades of the normal or rational form 
with satisfactory results, there is no reason why it should not he applied with equal 
facility to blades analogous to the standard form of blade in general use. With the 
notation given in the paper any formula of the form 

c.dr= K.f(r).dr. 
could he adopted if f(r) represented some function both of the angle #6 and of the radius r, 
which would enable the necessary blade contour to be arrived at. 

While dealing with blade form attention might be drawn perhaps to the method 
given for calculating blade width, and perhaps the author would explain whether the 
condition 1<m<3 is based on any other condition than merely empirical data. The 
breadth of the blade is an extremely important factor in design of this particular form 
of blade, and the evidence given in support of this rule hardly seems sufficiently con- 
clusive without supplementary evidence. 


> 
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It is to be regretted that no definite evidence has been given that would iustify the 
adoption of the thecry as a basis for sound practical work. However neatly a theory 
may be expressed, its efficient use will entirely depend upon the facility with which it 
can be adapted to meet practical conditions. Much experimental evidence and data 
must of necessity have accumulated in the last few years, and many airscrews of the 
Drzewiecki type must have been constructed and used. Had it been possible for the 
author to have incorporated figures relating to the working of such airscrews, showing 
that they were comparable, as regards general efficiency, with other forms, much additional 
interest would have been given to the paper, and its value from a practical point of view 
would have been considerably enhanced. 

Major B. BapEN-PoweELL (communicated): With reference to Mr. Low’s remarks 
at the end of his paper on the flow of air currents froin a propeller, the following results 
may be of interest. 
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I used a propeller of seven feet diameter, pitch (of driving face) six feet. Revs. per 
minute, 650. 

An anemometer was adjustably mounted on a standard about 10 feet behind the 
propeller, so that the velocity of the air current could be measured at varying distances 
from the boss. The diagram (Fig. 11a) shows the results (the experiments were carried 
out on Mr. J. A. Mays’ testing apparatus). 

Now the shape of the blades, as shown, narrowed towards the tips. The rough 
diagram shown by Mr. Low represented, I understand, a similar result of air flow derived 
from a propeller the blades of which increased in width towards their tips, and the flow 
is represented as increasing outwards. This would seem to imply that the amount of 
air driven back may be, roughly, in proportion to the width of blade, although, in this 
case, the maximum flow is at 24 in. from the central axis, while the maximum width is 
at about 30 inches. 


REPLY TO Discusston 


Mr. A. R. Low: I shall first make some very tentative suggestions in reply to Colonel 
de Villamil. 

I have looked up my Principia and, so far as I follow the argument, Newton certainly 
seems to have observed bodies passing through water and to have noted the mass drawn 
along with them, to judge by his sketches. And he lays down the rule of resistance 


1G. 12,—STREAM LINES IN INFINITE FLUID SET UP BY A DOUBLE SOURCE IN THE SHAPE 
OF A CIRCULAR DISC 


varving as the square of velocity without any proof based on the properties of a mathe- 
matically perfect fluid. If the present writer has read the section correctly Newton is 
distinguishing between the experimental cases of viscous flow and turbulent flow, some- 
thing totally different from the distinction between turbulent flow and irrotational flow 
of a perfect fluid. In any case, though Newton was a very great man, it seems 
unlikely that, with his irmperfectly developed analysis, he would have anticipated the 
results only attained a century later by the labours of a galaxy of great mathematical 
physicists. 

With regard to the pronouncements of engineering theorists, it is only too true that 
they are often pernicious rubbish, but in the case in point, the fact that a screw would 
not work in an infinite mass of perfect incompressible fluid, and would do so were the 
fluid viscous, is capable of illustration. 

Neglect in the first place the rotary component of velocity (which in fact could be 
destroyed by a suitable arrangement of fixed vanes). 

The screw is, then, equivalent (nearly) to a “‘ double source ” (Lamb’s Hydrodynamics, 
p. 56) in the form of a circular disc (ibid p. 138). Fig. 12. 
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The kinetic energy when steady motion is reached is given by 
= 
T =4pc°V? a finite quantity. 
V =velocity across airscrew disc. 
c =radius of disc. 
p =density. 


Once this energy has been stored in the liquid, no work is done to maintain the 
circulation as there is no friction along the paths, and no dissipation in eddies. 

If now the drop of glycerine be added to the Atlantic, there will be a minute frictional 
loss along the paths of the circulation and minute eddy losses and the screw will do a 
correspondingly minute amount of work and exercise a minute thrust. 

When sufficient glycerine has been added to make the Atlantic of perfect liquid 
sensibly viscous there will be developed a sensible amount of work, and exercised a sensible 
thrust. 

Thrust and work increase continuously with added glycerine, a result which should 
satisfy Colonel de Villamil’s outraged sense of continuity. 

With regard to hydrodynainical paradoxes, the first thing to do is to get a clear 
notion of the actual lines of flow, which being correctly obtained, the paradox will cease 
to present itself as such. 

Most paradoxes are the result of false analogies. In an vase the false analogy is 
with the ingrained notions of rigid dynamics. 

This leads me naturally to the representation in Fig. 6 of the circulation about the 
airscrew. 

So far from being a mere “ picturesque sketch” as has been unkindly suggested by 
Mr. Bramwell, it is a fairly accurate sketch of a phenomenon I have observed at least 
several thousands of times. 

A photograph of an aeroplane “ starting-up” on a foggy morning would amply 
confirm the close general resemblance that the lines of circulation have to each other 
and to the sketch, at standstill. 

Further, as the aeroplane speed increases the difference of relative speeds before and 
behind the blade decreases, and the vena contracta must become less marked, not by 
‘loose argument ” (another of Mr. Bramwell’s unkind remarks), but by a universally 
accepted law of fluid flow (when change of volume is, as here, only one per cent. or so). 

Further, quite a large variation in the slope of the outside stream lines across the tip 
of the blade would have a remarkably small effect on the relative motion since the 
peripheral velocity is several times greater than the axial velocity. 

Note, too, that even extremely rough “sketching” does not permit of an error of 
more than some 5° or so in the slope of the outside lines. 

Finally, this is put forward as a first approximation. It is for Mr. Bramwell and 
others to introduce corrections and modifications. 

With regard to aerodynamical pitch, I still maintain that it is inconvenient as a 
design-room starting point, however useful it may be as a point of reference on test, but 
I withdraw provisionally the argument based on the Koutchino report. Mr. Bramwell’s 
comparison between my modified Drzewiecki theory and the American Taylor’s is useless, 
if Taylor’s theory takes no account of blade form. 

The whole basis of the paper is the analogy between lifting surfaces and airscrew 
blades, and the qualities of the blades are derived by supposing cylindrical flow across 
the blade, and by taking each strip of blade to have the same reaction coefficients Ky Ky 
as the coefficients Ky .. of a lifting surface as tested by Eiffel. 

The values of Ky Ky are then ‘averaged over the whole blade by the method of the 
paper, or by obvious ‘elaborations of it, for any angle of attack uniform or variable along 
the blade, not merely for i=5° as in a particular example given. 

Thus the whole theory is founded on experiments on various wing sections. To say 
this does not take blade form into account, back and front and edge and everything else, 
is a rather serious misreading of the whole section on the derivation of K”, K’; K"", 
from Eiffel’s (or anyone else’s) Ky Kx. 

To turn to (or on) Mr. Boswall’s criticisms I must remark how extraordinarily two 
intelligent people like himself and the writer are able to differ on fundamental points. 
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Unlike him I regard the first part of the paper as being of fundamental importance. 
Mr. Boswall finds it trivial and dogmatic. 

Once the principles are laid down clearly and logically (not by intention curtly and 
dogmatically) the latter part of the paper is merely manipulation of certain analytical 
expressions. 

This mere manipulation of the analysis Mr. Boswall respectfully calls ‘* advanced 
treatment.” 

In passing, the diagrams (Fig. 5) are those of an airscrew tested by Eiffel but con- 
structed by Drzewiecki himself. I repeat that the characteristics of the blade are derived 
from Eiffel’s tests on lifting surfaces of the same section and with an angle of chord 
incidence equal to the (assumed) angle of attack. 

The ** frictional conditions’ are contained in the test curves of Kx. 

As to the position of the centre of pressure on the chord of each strip, one-third of 
the chord from the leading edge is a reasonable average. But in any case the torque 
stresses in the blade arising from this are very small in comparison with the torque stresses 
arising from the centrifugal forces. 

The maximum efficiency depends (among other things) on the best Ky: Ky o1 
Ky : Ky ratio, averaged over the blade. 

Mr. Boswall’s most pregnant remark is that any blade form may be dealt with by 
means of the substitution 

or we might write ¢.dr=KF(/3)dr. 

This is indeed the analytical expression of Drzewiecki’s idea generalised. Any 
function of involving sin cos tan can be directly integrated by the hyperbolic 
substitution employed. 

With regard to the conditions for efficiency these stare one in the face from the 
formule in Sec. 27. 
er be as small as possible. 

Ky 

In practice a section may be chosen giving M”” less than 
with a yood gliding angle as model for the blade section. 

Writing the efficiency in the form 


|, by choosing a surface 


3M’ 
2w 
; 
3M’’w 
i+ 
4 
we vet a theoretical minimum by differentiating with respect to the single variable w. 
ow 
2c. approx. = — M’ =M’”’ say 
PI 


2M’ 
approx. W = Jo = 1-414 


but w = tan and in practice the airscrew would be very large and cumbrous if tan 
were as small as 14. 
If tan 8 = 3 the efficiency still remains good. 
tan § = 5 isa common figure in current French practice, but the sacrifice of efficiency 
is considerable. 
tan Bcan be varied by varying the diameter and angular velocity of the airscrew. 
If we take M’=M’'’="1 we get 
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From which the following table has been calculated roughly :— 


W n 
1°3 80°, ae 814 834 
81 823 843 
iS 81 823 84} 
2 80} : 82 84 
3 773 79 81h 
74 755 78 
5 705 72 75 
6 674 693 723 
7 645 663 695 


The importance of a good cross section giving small values of M’M’” is obvious, as 
also of keeping tan f as small as practicable, consistently with obtaining the required 
thrust from a reasonably compact airscrew. 

Major Baden-Powell raises a question which is not attacked by this theory, namely, 
what is the velocity of flow at a distance from the blades ? 

Quantitatively, I cannot answer. Qualitativelv, it should vary roughly as the blade 
width except near the boss where the flow is irregular. 

His interesting sketch seems to bear this out in a general way, especially if the 
vena contracta falls near the point of measurement. 

I have to thank Mr. Handley Page for his appreciative remarks. 

Mr. Green, I am particularly glad to see, accepts the general method of the paper. 
Lanchester’s work is supplementary to the theory as offered here. 


Fic. 13 


As to priority, I make no claim for Drzewiecki, and it is only three years since | 
worked out the results in this paper which are in any sense new. . 

Aspect ratio in supporting surfaces raises questions of end leakage. 

In airscrews, it is true there are special end (tip and boss) conditions, but these are 
not analogous to end leakage in wings. 

I hazard the opinion that aspect ratio is much less important in airscrew blades 
than in wings. 

The theory may be in many respects open to criticism and amendment in the future. 

The question at present is, has anything better gone before, from the 
of substituting rational analysis of the phenomena for mere empiricism / 

The points raised by the theory are :— 


point of view 


i. General flow round an airscrew, relative to blade. 

ii, Shape of blade and relative incidence. 

ii. Interference of blades depending on chord width and path distance. 

From these simple data a fairly elaborate analogy is worked out between lifting- 
surfaces and propeller blades. 

The formula obtained refer only to one particular ratio of aeroplane velocity to 
airscrew angular velocity. 

The results can be extended by laborious statistical calculations for a short range 
on either side of the standard position. 


p 
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If then this fairly elaborate theory can only follow a short range of conditions, what 
are we to think of simple empirical formule which are to represent the whole course of 
experimental values from standstill up to aerodynamical pitch ? 

An analogy with the torque slip characteristic curve of an induction motor is interest- 
ing. (See Fig. 13.) 

The light load point P corresponds to the aerodynamical pitch and corresponding 
ratio of linear to angular speed of an airscrew. 

For a small range on either side of P the torque is proportional to (angular) slip. 
Further away on either side the shape of the curve changes and the empirical linear 
equation between torque and angular slip fails completely. 
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Fic. 14 


Attention is drawn to Fig. 14, showing that the resistance of the air is given for 

high speeds by the equation 
R=KSV" 
where n is greater than 2. 

The coefticient K increases comparatively slightly at the same time. 

The curve is plotted from Bashforth’s experiments (see Routh’s “ Dynamics of a 
Particle.’’) 

The peak of the curve occurs at the velocity of sound. 

The curve is drawn symmetrically about the peak, but this is not definitely established, 
and is merely drawn so, as being equally probable with any particular unsymmetrical 
curve. 

Airscrew speeds reach 150 metres per second at the tip, and this may account for 
the writer’s general impression that, high speed airscrews absorb more power than the 
above theory shows. This impression has been formed as fairly consistent experience 
—not checked, however, by accurate tests. With regard to tests, I regret I have no 
original results to offer. 

A worked-out example is compared with Eiffel’s test results on the airscrew 
shown in Figs. 1-3. The agreement is sufficiently satisfactory to encourage further 
comparisons, 


E2 
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Exam ple— 
On pages 222-4, 2nd Edition Eiffel, we get the following data for the airscrew shown 
in Figures 1, 2, 3. 


Section of blade at tip No. 13 bis 


Diameter : 715 metres 
Aeroplane speed .. 13 metres p.s. 
Revs. per minute -. 540 
Angle of attack 
Constant chord .. .. +216 metre 
Hence r 1:36 m. 

13 m.p.s. 

5 


sinh u, = tan 5-9 
To obtain Ky K’, K’’, we must compare wing 13 bis with wing 16 from which, 
along with I6a, 16b, 16c, 16d, curves Figs. 8, 9, 10 were derived. (See Eiffel, pp. 142, 
169, 240.) 


We have 


No. 13. bis ’ 3 6 5° (by interpolation) 
K, ‘020 W030 0027 
K, (259 0380 0333 

No. 16 bis i 1° 6 5° (by interpolation) 
1 0290 
K, 244 0325 

Hence K, (13 bis) + K, (16) 1:17 4 5 

K, (13 bis) + K, (16) 110 2 bP 


These ratios exist at the blade tips, and it is unlikely that they change very rapidly 
for the outer half of the two blades, so that it is not a very violent assumption that the 
average coefticients K’, K’’, K’’, for the two blade forms are in much the same ratio 
as the tip coefticients. In any case, in the absence of tests on sections derived from 13 bis 
in the same way that 16a, 16b, 16c, 16d are derived from 16, it is the best assumption 
we can make. 


This gives for 13 bis, taking values for 16 from Figs. 8, 9 


0033 1-1 036. 
ig 0029 x 1-1 0032 
0320 1-17 ‘0375 
M’ 096 
= (085 


We may now evaluate I,, I,, 1; 


( 


tan pb, 5-9 = sinh u, .. from Dale’s tables p. 66 
by interpolation 
uy 2-475 sinh uy 5-90 
cosh Uy = 5-98 
Qu, = 4-95 sinh 2u, = 2 X 5:9 x 5-98 
70:5 
= cosh 2u, (nearly) 
fu, = 89 sinh 4u,; = 2 xX 70-5? 
= 9940 


rer 
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If with Drzewiecki we assume that no useful work is done by the blade beyond the 


point where tan fy) — -5 we have, taking the nearest value in Dale’s tables, p. 64. 
Uy = 48 sinh Up - ‘) (very nearly) tan Bo 

cosh up = 1-12 

2u, = :96 sinh 2u, = 1-11 


4uy = 1-92 sinh = 3-34 


70-5 + 5 1-11 + -96 
I, = 184 
2 4 4 
9940 — 9 3-34 — 1.92 ; 
I; 29 310 
32 32 
Wi. 76-7 — 096 x 1844 
74-9 
I, + Ml; 76-7 + 085 x 310 
103 
74-9 
n 721 oO 
103 
Torque hp for two blades, putting ¢ av 216 m. 
mw 
216 134 
9x K X 0375 103 
D6'D 
Torque hp = 11-2 hp. Efticiency 724 % 


Kiffel’s test on a model gives when corrected to full size 
10 hp. Efficiency 68 % 

Dorand’s tests on a rolling test wagon give roughly 15 hp and 67 °% efficiency. 

The difficulty of eliminating error in the “ chariot ” method is very great. 

Probably Eiffel’s test results are nearer the actual state of affairs. 

In any case the calculated figures are entirely of the order of the test results. 

The discrepancy in the efficiency figures is largely accounted for by the omission of 
the method, so far, to examine eddy losses at the boss, back-pressure on the mounting 
and other sources of losses which appear in the formula as useful work. 

The increase of M’ by a quantity experimentally determined would bring the theory 
into closer relation with the facts. 

But it is not necessary to go more into detail at this stage of research available for 
comparison with the theory. 

The special object in presenting this paper is to reduce Drzewiecki’s method to a 
form which involves a minimum of calculation, and which enables the best possible rela- 
tions between the “ natural” variables V, r, c, w, 1, to be determined approximately 
when the required horse-power is given. 

Those who are familiar with Drzewiecki’s original papers will realise the enormous 
saving in calculations made possible by substituting the simple hyperbolic and circular 
functions shown, for his rather appalling algebraic integrals. 

As for his “ conditions of compatibility,” they are expressed in the original papers 
as complicated functional relations of quantities which are themselves functions of the 
“natural” variables shown above. 

In this paper we have the limiting conditions (conditions which further research 
will certainly not much extend) 


m = I 
i, =_ 10° 


| 
| 
| 
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These fix c, Ky, Ky. 
V is fixed by the aeroplane’s aerodynamical quality and load. 
r is fixed by the aeroplane’s construction. 


There is left only w as independent variable and w = w X y 3s dependent variable. 
A glance at the table of efficiencies for varying w shows that Drzewiecki’s limit of 
8 already corresponds to very serious loss of efficiency. ) 
Hence if we put: } 
m= 1 


i = 10° 
the chord ¢ and the coefficients Ky, K, are fixed. 
Then putting: 
V = aeroplane speed imposed by its aerodynamical quality and its load 
hp = useful horse-power required by the same conditions 


I max. airscrew radius to clear ground and frame 


= 

Unless the value obtained for thrust horse-power is greater than the required useful 
horse-power the conditions are “‘ incompatible,” as Drzewiecki would say. 

The only resource left to the designer is further to increase w by increasing w, 
with loss of efficiency, already too low, or to break through the conditions imposed by 
modifying the construction, and increasing the radius r. 

If, however, the thrust horse-power calculated is greater than the useful horse-power 
required, the designer proceeds to reduce i, r, w, or to increase m, in such a way as to 
improve his efficiency as much as possible. 

Many other points might be expanded, but I must leave technical engineers to find 
out the further uses and the obvious limitations of the theory for themselves. 
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THE ELEVENTH MEETING of the Forty-eighth Session of the Aéronautical 
Society of Great Britain was held at the Royal United Service Institution, Whitehall, 
S.W., on the 23rd April, 1913, at 8.30 p.m. Professor J. EK. Petavel, F.R.S., A.F.AGS., 
presided. 


DISCUSSION ON STABILITY 


With special reference to Mr. O Gorman’s and Mr. Dunne’s papers presented on 29th January. 
} papers 7 / 
1913 


Mr. A. E. Berriman: We have virtually two papers to discuss at one and the same 
time, for Mr. Dunne’s contribution is in itself a distinct thesis on the theory of his own 
aeroplane, and as such holds a very special interest to the members of this Society. 

Nevertheless we are still assembled on the topic of stability devices in the plural, 
and, therefore, I feel in order in expressing appreciation of Mr. O’Gorman’s painstaking 
review of the chief inventions and principles that he has brought to our notice. 

One thing is needed I think to complete Mr. O’Gorman’s task, which is that someone 
should now analyse the precise weather conditions for which each of the stability devices 
in question affords a theoretical solution of the stability problem. Consciously or uncon- 
sciously every inventor of a stability device starts by defining the nature of the disturb- 
ance that he seeks to correct. 

The real difficulty in my opinion is to define a gust in our present limited knowledge 
of the meteorological aspect of flight. We know that there is no such thing as calm 
air, and we know that all wind is full of eddies. But the main question to my mind is 
whether what we understand as a gust is a movement of a mass of the atmosphere that is 
larger than the size of the aeroplane. 

If this is so then it seems reasonable to suppose, by way of hypothesis, that a gust 
causes the vector representing the relative wind across the machine to perform angular 
oscillations about a fixed centre, which for the sake of convenience we may suppose to be 
a centre of mass and also the loci of the pivot points about which the machine pitches, 
rolls and swerves. 

If a gust can be defined in this way, then it is perhaps also reasonable to argue that 
the angular change in the relative wind can be represented, when necessary, by com- 
ponent angular motions in the horizontal and vertical planes respectively. 

Changes in the trend of the wind in the vertical plane are taken account of by the 
longitudinal dihedral that is a customary feature in aeroplane design. The effect of 
the longitudinal dihedral is to maintain a constant angle of incidence to the relative wind. 
It behaves in fact as a weathercock, for which reason it has seemed to me appropriate 
to employ the phrase ** weathercock longitudinal stability ’’ in this connection.* 

It has also been pointed out very clearly by Mr. O’Gorman in his paper, and it is 
otherwise obvious from the fact that a constant angle of incidence is maintained, that 
the longitudinal dihedral is virtually a speed regulator, tending to preserve the normal 
flight velocity. 

In respect to the veering or backing of the wind in a horizontal plane, this is equiva- 
lent, under the hypothesis, to a relative spin of the machine about its vertical axis, Now 
when a pair of wings are spun about a vertical pivot passing through their shoulders, 
one wing will lift and the other be depressed. But, if the extremity of each wing had a 


* See also Duchéne’s ‘‘L’aeroplane étudié et calculé par les Mathématiques élémentaires,” 191], 
Section 64. (English translation—‘‘The Mechanics of the Aeroplane,” 1912.)—Ep, 
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negative angle of incidence, then it is conceivable that the spinning would have no effect 
on the balance whatever. That is to say, the downward pressure on the wing tip of one 
wing would neutralise the lift under the inner portion of that wing, while in respect 
to the other wing the upward pressure under the negative tip, which is now retreating 
and is therefore at a positive angle of incidence to its flight path, would balance the down- 
ward pressure due to the negative attitude of the rest of the wing. 

[t is apparent that the extent of the negative area of the wing tip may be relatively 
small compared with the rest of the wing, for the reason that it is situated at the greatest 
1adius and therefore has the highest relative velocity in angular motion. On the other 
hand, when the wing advances as a whole in linear motion in flight, the shoulder portions 
fly as fast as the wing tips, and there is therefore a balance of upward pressure for the 
support of the machine. 

Under the hypothesis, negative wing tips are potentially able to neutralise the effect 
of gusts in a horizontal plane, the trend of the wings in a vertical plane being dealt with 
by the longitudinal dihedral. 

This summarises my own theory in respect to the virtue of negative wing tips for 
lateral stability, but I fear it has not a great deal in common with Mr. Dunne’s line of 
thought, and I must, therefore, spend more time than has thus far been available in study- 
ing his contribution to the subiect. 

In view of the fact that it seems undesirable to carry the air load on the negative tips 
while flying in fair weather, I think it might best serve the purposes of constructors and 
pilots to fit washed-out wing tips that could be warped simultaneously into the negative 
attitude when necessary. 

Alternatively, they could be warped differentially for the purposes of steering control 
In principle, a machine that is not canted by a gust under the above hypothesis will be 
incapable of banking by the use of a rudder, and therefore a rudder will no longer be a 
steering organ on such a machine, for its normal function is to produce a difference in 
wing pressure by indicating a relative spin. 

Steering is merely a consequence of tilting the line of the pressure resultant on the 
wings so as to produce a centripetal component. This is accomplished by banking the 
machine, and the bank should be performed as a pure tolling motion about the longi- 
tudinal axis. In order to accomplish this with positive wing tips it is necessary to use 
the warp and the rudder simultaneously in the manner first clearly laid down by the 

Vrights. 

Some machines can be banked by using the rudder alone, but the outward swing 
of the tail accompanying the action puts the machine into an attitude that is strictly 
speaking unstable, if by stability is meant that the machine should be able to circle 
indefinitely with a single setting of the controls. 

Using the warp as a means of banking also commonly slews the machine out of its 
proper position, for any increase in the pressure under a wing is ordinarily accompanied 
by an increase in the resistance. This 1s not the case, however, if the original attitude 
of the wing is a very fine angle. 

According to the N.P.L. tests on the Blériot XI. bis wing section, for instance, there 
is a very slight decrease in the absolute resistance from zero attitude to plus 2 deg., and 
the resistance is not very much greater even at plus 6 deg. This increase in the angle 
of incidence is accompanied by a rapid increase in lift, and it will thus be seen that the 
behaviour of the machine under the positive warp depends on the initial attitude of the 
wing tip. 

Warping the wing tip negatively imposes an air load. If one wing tip be given a 
greater negative angle than the other, it will potentially descend and decelerate, for the 
balance of powe1 between the two wings demands that the wing experiencing the greater 
resistance should fly the more slowly. 

It is very evident that these problems cannot be argued to a logical conclusion on 
purely qualitative considerations. Mr. Hume Rothery has indicated the lines for quanti- 
tative analysis in Flight, Vol. V., page 64. But Mr. Dunne has been tackling the problem 
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from the standpoint of practical research these many years, and the proof of the aeroplane 
is in the flying thereof. Personally I attach, for reasons mentioned above, very great 
importance to the test represented by the flight of a circular course with fixed controls. 
At the present moment, I incline to the idea that when any movement of the control 
on a machine necessarily produces a true steering movement that can be continued indefi- 
nitely without culminating in a dangerous attitude, we shall have arrived about as near 
to the solution of the stability problem as we are likely to get for some little while. 


Prof. Huntincron: As you know, I have been experimenting for several years 
with a machine on Mr. Dunne’s principles. This machine has always been very stable. 
I have recently put in a 70 h.p. Gnome engine. This week-end, after alte1ations, it 
flew very well. It turned in a very small radius without the least difficulty. Gusts 
would cause at times a sudden complete rise 10 or 20 feet, but with no inclination to 
cant. I can endorse what Mr. Dunne has claimed ag to quickness of control. I should 
say that the speed lately of my machine has been about 47 miles an hour. 


Mr. F. HANDLEY PaGEe: Mr. Dunne’s paper on the theory of bis machine is exceed- 
ingly interesting, but there are many points in his theory which would seem to point 
to the fact that he considers there is some great inherent virtue in rolling down the front 
edge of his plane, which cannot be obtained in an exactly similar manner by tipping up 
the back edge. Let us look a little more closely into the matter. It would seem that the 
only alternative to Mr. Dunne’s machine is the form which he calls the zanonia form 
and which, according to his drawings. is characterised by a large positive angle near the 
centre portion and a small dihedral at the wing tips rather than a negative angle of the 
plane tips. It does not follow, however, that this is the only alternative form to that 
shown by Mr. Dunne. There are others which I personally think superior in efficiency 
from the point of view of lift and drift ratio and also possessed of superior stability. 


Supposing that we take a plane form exactly similar in shape to Mr. Dunne’s as 
shown in Fig. 48, but that instead of rolling down the front edge we tip up the back. 
Now let us turn to the explanation which accompanies Figs. 4, 5 and 6, in which he deals 
with the vanishing wing device. According to Mr. Dunne, although the windward plane 
exposes its large angle of incidence to the wind and therefore has a big resistance in his 
machine, yet in the poor zanonia type this resistance although equally present here is 
entirely neglected. The only thing Mr. Dunne sees is the tip of the wings which if tipped 
up in the same way as his front edge has rolled down offers no greater resistance than 
his own machine. I am not here seeking to prove any superiority for one or the other 
as this would be too lengthy a matter to deal with in the discussion. Iam only pointing 
out that from the point of view of directional stability there is absolutely no difference 
between the two types of wings. 


Let us look a little more closely still at the motive attributed to Nature in designing 
the zanonia form. Mr. Dunne says that it was done in order that the leaf might fly as far 
as possible from the parent tree. Apparently, from his argument the leaf always leaves 
the tree head-on to the wind, turns on account of its bad directional stability and floats 
far away. I would like to ask Mr. Dunne why the leaf always leaves the tree head-on 
to the wind and nextly why having once turned it then continue straight with the wind. 
I should have thought that more probably it would have continued in a path round and 
round the tree slowly descending as if it were traversing a spiral staircase. 


In Fig. 7 there is a pretty picture of a seabird with its wings rolled down. It is 
not necessary for me to point out that for a minimum amount of pendulum effect in a 
machine the centre of gravity should be high. The only place where a bird can fold its 
wings is on its back. If, in flight, its wings were outstretched horizontally its centre 
of gravity would be too low. Hence it holds its wings down, thereby raising its centre 
of gravity relative to its centre of pressure. The ex.reme flexibility of its wing-tip feathers 
insure that they will take an upward position when the bird is in flight. However, 
as I have said before, there is really little difference from this point of view whether 
the tips are turned up or the front edges rolled down. 
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I can hardly believe that the efficiency of Mr. Dunne’s plane can be high as a whole, 
as the cross-section at the centre is such that the lift to drift ratio cannot be very high. 
I am comparing it now to one where the cross-section is thickened at the top so as to give 
a section approximate to the one giving the best lift to drift ratio at the angle near the 
body. In the latter case the section of the wing is so chosen at each point that for the 
angle at which that part is inclined, the wing curvatwe above and below is that which 
for the lift required gives the best value of the ratio a. 

Mr. Dunne has drawn attention to the effect of the V between the main and tail 
planes. I would point out that a similar effect is obtained with a plane which is drawn 
out towards its tips. Although to a horizontal gust the plane may be neutral yet a 
gust with an upward trend will cause the centre of pressure on that wing to move outward 
and therefore cause it to rise. It will, therefore, be seen that if a machine of this type 
is rolling laterally the oscillations will tend to be damped out owing to this movement 
of the centre of pressure. 


Mr. G. TitgHMaAN Ricuarps: An engineer turning to the study of aeronautics finds a 
curious state of theoretical knowledge awaiting him. He finds a series of dogmatic 
assertions, supported by mainly empirical facts, and regarded as absolutely proved 
and beyond inquiry because a certain handful of scientists have done a very limited 
amount of experimental research round and about those actual dogmatic assertions, 
without any serious attempt to break away from conventional design and thought. 


He is told, almost at his first inquiry that is is impossible to get satisfactory lift 
without aspect ratio ; soon he discovers that aspect 1atio is inimical to stability, therefore 
since practical aerofoils are dependent on a factor which is quite inimical to reasonable 
stability, “ ipse ” there is no future in aviation, and the engineer drops any further investi- 
gation into the subject. Now, this fact that aeronautical theory is based so completely 
on empirical assumptions is curious and calls for explanation, especially since the advance 
towards * gale worthiness ” and a truly self-righting and inherently stable aerofoil form 
has been negligible since the Wright brothers first flew. I think it will be admitted that 
apart from small improvements in fundamental design, and certainly great improvement 
in detail and streamline design, coupled with a clearer understanding of the laws involved— 
laws, be it remembered, which were just as fully incorporated in the first aeroplanes as 
in the latest designs—our advance towards “ gale-worthiness””’ has been almost whelly 
a matter of experienced pilots, who gradually have tried the machines in stronger and 
stronger winds, and more powerful engines. I maintain that, in proof of this, any good 
pilot could take out one of the original Wright flyers fitted with an engine of about 
100 h.p., and do everything which the latest Farman and Bleriot aeroplanes are capable 
of with only a small increase of fatigue. 


To get any approximation of the truth as to why aeronautical theory is where it is 
to-day one must go right back to the beginning of aeronautical research and experiment 
and start an analvsis of the factors in nature which would unconsciously mould the 
thought processes of those investigating flight problems, and here one bumps right upon 
a fundamental fact, namely, that any human being approaching this problem is physically 
bound to do so with a brain soaked in bird lore. How thoroughly soaked our brains are 
with bird forms, bird flight, bird glides, is almost unbelievable until one tries to break 
away. It would be intensely interesting to watch the evolution of an aerofoil from the 
thought process and experiment of a being who had never seen a bird. I think he would 
have got far nearer safety by now than we have. 


Whilst we are discussing this subject of “‘ Stability ” I think it would be well to have 
a definition once for all as to what is meant by the term. Up to now it has been confined 
to certain conditions tending to rectify the results of wind variation acting on an aero- 
plane. I consider that such efforts are only a palliation of the evil and that what we should 
strive for is, not to stabilise an existing unstable system, but to search for a plane form 
which is “ sel/-righting,” and not only truly self-righting, but a sound commercial and 
constructional proposition as well. 
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I submit to you, and you all know it in your hearts, that development of the present 
type of machine is hedged about with apparently insuperable difficulties. It is not a 
commercial proposition and it never will be, though few have the courage to openly 
acknowledge it. 

Some words of Mr. Archibald Low’s before this Society during the discussion on 
Mr. Bairstow’s lecture were significant and worth noting. He said, or words to this 
effect, ‘‘ the limiting size of practical aeroplanes is soon reached owing to the difficulties 
of construction.” There appeared recently in an American magazine an article by 
Erle L. Ovington which voices the truth, as seen by America’s most progressive aero- 
nautical thinker, in no uncertain manner. He says :— 

“T do not believe that flying, as it is done to-day, is in a position to be adopted 
even as a sport, to say nothing of its commercial uses. What the world is waiting for, 
and what it will undoubtedly get sooner or later, is the safe aeroplane, a machine which 
will right itself without outside assistance even under very adverse circumstances. A 
machine which will regain its normal horizontal position after being violently deflected 
by a tricky puff of wind. Aviation accidents have assisted aviation in at least one way. 
They have pointed out to the thinking man that the aeroplane as it exists at present 
is at best a dangerous plaything. They have pointed out that it has little practical 
value outside of employment in time of war. The martyrs who have given their lives 
to the cause have impressed on our minds that it is useless to continue building machines 
along the present lines if we ever expect the aeroplane to be used commercially. It has 
taken over 200 deaths to emphasize that safety above all is required in the heavier-than-air 
machine before it can have a commercial future.” 

That article is dispassionate truth and should have been taken to heart by all in 
the aviation movement. 

From the aeroplane manufacturers and pilots themselves comes the greatest indict- 
ment of existing methods of design. Everyone says “ We look to the Government 
as our chief, in fact, our only purchaser.” Why ? Because your machines are not 
commercial propositions: Why again / Because the Government has got to have 
aeroplanes of some sort, and if it can’t get safe and stable planes it must put up for the 
present with the makeshifts it can get. You force the powers that be to purchase 
inefficient experimental planes and then cry out because they are loth to buy more than 
the minimum which the needs of the moment require. 


The ban on monoplanes should have stimulated experimental development of safety, 
but did it ? Not a bit, the manufacturers simply sat down and complained until it was 
taken off again. Your constructional difficulties debar you from making machines of 
useful load-carrying size. What designer, I ask, will undertake the design of machines 
of say 500 feet span and guarantee that the useful load per unit area shall be as great 
as with the existing sizes ¢ 

It is useless and a wrong principle to design and theorise from birds to aeroplanes, 
i.e., from ornithopters to rigid structures, and then back again towards stability. What 
should have been done, and what will have to be done before real progress is made is to 
reason from stability to practice. First find a stable plane form and then make it fly 
efficiently. 

Gentlemen, it is imperative that this country should gain and keep command of the 
air, and I do not exaggerate when I| say that the first nation to evolve a safe and self- 
righting aeroplane will hold that command indefinitely. Zeppelin’s hold no terrors for 
a machine which can weather any gale and carry useful loads. The best of airships will 
always have its wind fighting limits, and, maybe, at the next international crisis the 
state of the weather, whether gales or calm, may decide the fate of nations, so casually 
do our fortunes lie in the lap of Destiny. 

Before progress gains sway there must be a ruthless shattering of old idols and hide- 
bound conventional modes of thought. 


CotoneL Capper: The first question which arises from what the last speaker has 
just said is: “ What is a stable planeform?” It seems to me that the Dunne machine 
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has many of the qualities of the stable machine. The models are extraordinarily stable. 
I am not a theorist, I consider practice is worth much more. I think a machine which 
will circle 360 degrees with locked controls or pancake 80 feet and not kill the pilot— 
and the Dunne machine has done both these things—is a good stable machine. 


Mayor CarRDEN: From the flying experience I have had with the machine I am very 
favourably impressed with its stability and believe in its future. 


Mr. ALEC. OGILVIE: I have great faith in the future of Mr. Dunne’s machine, although 
I am not prepared just now to discuss the theory of its stability. 


Colonel H. E. Rawson: The question has been touched upon from the meteoro- 
logical side by some of the previous speakers in such terms that I should like to warn 
designers that the layers of the atmosphere cannot be regarded as resembling homo- 
geneous air streams in any way. Mr. Cave’s investigations with sounding balloons 
have shown that, as we rise, strata are met with in which the streams constantly vary 
in both direction and velocity. The east wind has been found sometimes to approach 
the condition of a homogeneous medium, such as Mr. Berriman has referred to, but 
Mr. Cave has found that, with many winds, the streams met with in ascending may 
vary as much as 180° in direction, with a calm interval between. Changes of temperature 
and density are also frequent, and these conditions lead to wave-motion. Movement 
of streams from convection leads to vertical ascending and descending currents, and 
horizontal winds are not so frequent as appears to be thought. Meteorologists are 
already convinced that the streams have an upward tendency in the front of a cyclone, 
and downward in rear; and that the strong descending currents are to be looked for, 
not in the calm centre of an anticyclone, but in its shoulders and protuberances, and 
in the areas between this and other weather systems such as the V depression. In the 
atmosphere eddies must be very frequent, of which the presence can only be inferred from 
a “ boiling” cloud many miles distant. It is the same with waves. The atmosphere is 
full of invisible waves, and photographs of the upper surfaces of fogs reveal such wave- 
systems with reinforced crests hundreds of metres high. Designers of aeroplanes should 
bear these facts in mind. 


Mr. B. G. Cooper: I had not intended to take part in this discussion, but there 
are one or two points which I think require emphasising in view of what has gone before. 

In the first place Mr. Berriman has referred to the air-load carried by the negative 
wing tips. Without wishing to anticipate Mr. Dunne’s reply, I should like to point out 
that from the setting back of the plan form of the wings and their curvature one gets 
an enhanced lift under the wing tip which certainly goes a good way to counteract the 
negative air pressure on the down turned tips. 

The point which interested me most is that concerning the position of birds’ wings 
ir gliding flight. There has been an attempt to find an analogy between the zanonia 
form machine and the gull. Now asa matter of fact the zanonia form machine is much 
more analagous to the rook than the gull. I have studied gliding gulls for a long time 
and have never yet discovered, either personally or from photographs of their wings 
any curl as large as the pronounced upward bend on the rear edge of the zanonia leaf. 
On the other hand the rook shows this type of curling quite clearly. So that if claims for 
automatic stability are to be made for the zanonia type machine let us remember that 
it is more likely to be the stability of the rook than the gull. I know which I prefer 
of the two. 

There is one great difference between our aeroplanes and bird gliders and that is 
that whereas in the former we are restricted to purely passive stabilising movements of 
the wings—that is the wings and body of the machine must have except for brief moments 
practically the same rate of advance through the air, the latter gliders can, and do fre- 
quently in emergency, accelerate their wings as distinct from their bodies. In this way 
they have always a tremendous reserve stability should their “‘ automatic stability ” 
prove inadequate. Say, for example, a machine requires to turn suddenly round when 
flying against a strong wind. As it comes round it has either to accelerate very rapidly 
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its whole mass or fall, to get effective lift. Its inertia prevents rapid acceleration hori- 
zontally, so usually it has to dive. Well, if the ground happens to be too near the dive 
ends ina smash. On the other hand a bird does not have to accelerate his whole mass 
horizontally to get the required lift. He can get it by vigorously beating his much more 
rapidly and easily accelerated wings. This gives him a tremendous advantage over the 
rigid aeroplane and we must recognise this and work with the idea that we also can only 
hope for the greatest safety in flight by equipping our machines with some means of 
obtaining the enhanced lift required in certain emergencies without having to accelerate 
the whole mass of the machine. 


Mr. J. H. LepEBOER: So far every one who has contributed to this interesting dis- 
cussion appears to have made the cardinal mistake of confusing stability with con- 
trollability, which are essentially different qualities, and, in fact, often contradictory. 
That an aeroplane should possess the greatest possible ease of control is too self-evident 
a proposition to need discussion ; but perfect automatic stability—if this can be achieved 
—is to my mind not only of doubtful advantage, but a positive evil. 

It is clear that an automatically stable machine cannot by the very nature of things 
be as responsive to the pilot’s control as a machine of neutral stability. Look at the 
matter how you will, the truth remains that such an aeroplane must be extremely difficult 
to control, and if it is a question of preserving equilibrium either by automatic means 
or through the intervention of the pilot, I give my unhesitating preference to the latter 
method. 

Once stability has been disturbed, an aeroplane, whether automatically stable or not, 
must, in order to regain its equilibrium, traverse a certain amount of air space. Now 
a loss of equilibrium at a good altitude is of little gravity, since the underlying air space 
is of sufficient depth to enable the aeroplane to resume a stable position. The critical 
moments are those involved in starting and alighting, and when flying in the disturbed air 
in close proximity to the ground, when there is insufficient space to recover equilibrium. 
A pilot depending on his own judgment and his own efforts solely, may succeed in extrica- 
ting his machine from danger, but one relying entirely on the automatic qualities of his 
machine will probably be sent to destruction, for these may fail him at the critical moment. 
It must be remembered that there are occasions when it is necessary purposely to adopt 
an unstable attitude. 


A certain degree of stability is, of course, essential, but it would be a serious mistake 
to imagine that this is not possessed by the better types of aeroplanes even to-day. On 
the other hand, for the reasons stated, perfect automatic stability would, in my opinion, 
constitute a distinct disadvantage. 


Professor PeravEL: Before calling upon Mr. Dunne to reply I wish to convey 
to him the thanks of the meeting for the interesting paper which he has communicated 
to the Society. Mr. Dunne occupies a unique position not only as one of the pioneers of 
flight in this country, but also as one of the few original thinkers who have had the courage 
to test their theories by full scale experiments and the perseverance and practical know- 
ledge necessary to command success. 


On glancing through the paper before the meeting, bowever, it seemed that there 
would be one or two points on which I should find myself in disagreement with the author, 
but perhaps it is really rather a question of wording. 


To take an instance, e.g., longitudinal stability ; 1 should have been inclined to say 
that with an increase in angle all the arrows in Fig. 9 would increase by approximately 
the same positive amount and that hence the load curve would tend to change from a 
triangle to a rectangle and the resultant pressure to shift from one-third of the distance 
from the forward edge to half this distance. However, I see no objection to a subdivision 
of this change of position of the resultant into “ a change in diagonal distribution of lift ” 
and “a change in tail area” if Mr. Dunne prefers to put it that way. 


Mr. Dunne has achieved some important results with regard to the stability of the 
machine when turning. Under these conditions it is essential to be able to give a higher 
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effective angle of incidence to the inner wing without increasing its resistance, for unless 
this is possible an attempt to straighten out the course of the machine may have the 
reverse effect and result in a spiral dive. 

By giving the wing tips of the ordinary type of machine a negative angle the desired 
effect can doubtless be obtained but only at the sacrifice of efficiency. 


{EPLY TO DiscUSSION 


_ Mr. Dunne: I| must say that on the whole I think you have let me down pretty 
easily. So much so that at one time I began to fear that two points which I particularly 
wanted raised were going to escape attention. However, they cropped up in due course. 

The first of these two points was raised by Mr. Ledeboer. He remarked en passant 
that stable machines were more difficult to control than those which were unstable. 

Mr. Handley Page, rather to my surprise, lent something like support to this idea 
when he divided machines into three groups; the stable and uncontrollable, the highly 
unstable and easily controlled, and an intermediate group possessing all the virtues 
or perhaps all the vices of the other two in a moderate degree. 

I believe this idea that instability means facility of guidance is quite an article of 
faith with some people. 

Now what I want to know is—Why ? 

How, when, and where, did the idea originate ¢ I cannot trace it to any responsible 
person, I cannot find that anyone has given the smallest theoretical reason, or indicated 
the flimsiest experimental data, as excuse for the promulgation of such a doctrine. 
So I ask again, Why should a stable machine be harder to control than one which is 
unstable 

Look at the conditions in the two cases. In the one we have an unstable, kicking, 
bucking surface trying to roll and plunge the wrong way every time a gust strikes it 
and we tiy to smother its rebellious tendencies and force it into the requisite attitude 
against its strenuous resistance by the process of manipulating subsidiary surfaces. In 
the other we have a quiet, well behaved surface predisposed to take up a correct attitude 
and we merely assist it with the controls. Whatever the truth of the matter one would 
have thought prima facie the boot was on the other foot. 

The truth of the matter is, as one would have expected, that the stable machine is 
usually much more amenable to control than the unstable types. Of course everybody 
knows that any machine with a very marked positive dihedral is distinctly difficult to 
control, but this is not owing to any stability it may possess in straight ahead flight, 
but rather owing to the fact that such machines are exceptionally unstable when turning. 

The other point was raised by the Chairman. This was the question of the reserve 
tangential, particularly as far as Fig. 14 is concerned. I am glad to have an opportunity 
of explaining this further as perhaps I did not sufficiently accentuate my meaning in the 
letterpress. The machine in this diagram is beginning to sink owing to loss of speed 
and has thus increased its angle of incidence. But it has not yet had time to change its 
attitude to the horizontal which is the same as in Fig. 12. The reserve tangential shown 
is brought into play immediately by the mere act of sinking, without the machine having 
to wait for its head to drop. There is of course no suggestion of any reserve of energy 
in the matter. The gain is merely one of time at a critical point in the phugoid. If we 
were to increase the angle of incidence by cocking the machine up to a bigger angle to 
the horizon, then of course the base line* in Fig. 14 would be tilted up, consequently P 
would be inclined more backwards, so there would be no saving. 

With regard to my remarks about the Zanonia form which Mr. Handley Page seems 
to take so much to heart, the form I was and am criticising is that of the leaf and the 
earlier Etrich, and in both these cases the wing tips are bent up along a line running 
across the rear corner of the wing. So many people have asked me why I curl my wings 
down when Etrich curls his up that I had to explain the reason. I fancy there is not 
much of the Zanonia left in Mr. Handley Page’s machine now. 


* This base line is any convenient line which will intersect the directions of the air pressure vectors. 
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With regard to what Mr. Handley Page said about the dihedral fore part of the 
Zanonia wing tending to turn the machine into the wind, that is precisely my point. 
If we wish to obtain any sort of directional stability with the type in question we must 
give this front part an exaggerated dihedral effect in order to compensate for the vawing 
tendency produced by the upturned wing tips. Then since the tips tend to roll the 
machine the same way as does the forward dihedral, we finish up with an altogether 
disproportionate dihedral effect and the machine has the rolling associated with that 
form of stability developed to an ugly degree. 


Obviously by arranging the lines across which the Zanonia flexes upward so that these 
trend less diagonally across the tip you reduce the yawing tendency but you cannot get 
anything remotely approaching the actual propelling effect we obtain in the leeward 
wing by our system of flexing the front corner of the tip down across lines running diagon- 
ally across that corner. 


Actually this machine and the Zanonia are situated at two opposite extremes, the 
ordinary machine coming between the two. For the hall mark of what (lacking a more 
distinctive title) I had better for the moment call the *“‘ Dunne,” is its method of attacking 
the problem of turning stability. Its tendency is to level up when turning, and turning 
is effected by holding it down to a bank against this tendency, and then letcing its 
directional stability take it round in a circle. The ordinary machine, using the Wright 
system, turns by a vertical rudder, tends to overbank, and has to be held up against that 
tendency by the warp. The Zanonia, as I pointed out in my lecture, is apparently in this 
respect a particularly exaggerated example of the latter group. 


With regard to the divergence of opinion | have heard this evening as to the way 
in which a gliding sea bird sets its wings, I think I can throw some light on that. I have 
always found that Nature roughly divides her soaring birds into two classes. One is 
the low-speed bird whose object is to soar in light breezes keeping more or less in the 
neighbourhood of one spot where it expects to find food. Such birds are the big land birds, 
the crows, the eagles, the vultures. These birds hold their wings straight out from the 
shoulder when viewed in plan and spread their tails as widely as possible. Their object 
is to gain all the area they can. Their wing tips turn upward. They are unstable in this 
attitude and are continually making a sort of twisting movement with their widely-spread 
tails. 

The other class is the high-speed bird whose object is to travel great distances ranging 
for food. It is exemplified to perfection in the larger sea-birds. The tails are tightly 
furled (that of the albatross is atrophied to a mere stump of feathers), the outer part of 
their wings are held sloped back and the tips are downturned as I said in my paper. 
They glide like this at great speed and evince extraordinary stability in the strong winds 
which prevail at sea. 


Gulls practice both methods of flight. You may see by the Embankment gulls 
expecting to be fed flying slowly with spread tail and widely extended wings with slightly 
upturned tips, and gulls travelling. or soaring for pleasure in an up current, with furled 
tail, and backward-sloping downturned wing tips. The thing to go by is the tail. If the 
tail is spread it is no use photographing that particular bird in the hope of getting hints 
regarding stability. 

With regard to the question as to whether aspect ratio effect changes at 30°, I 
wn aware that the point is still in dispute. Mr. Lanchester has summed up the evidence 
for and against in his book and I believe decided that the balance is in favour of Langley. 
Certainly I think there is a change in value as you increase your angle of attack from 0° 
to 30°.. But as I remarked I have never flown at av angle of 30° and sincerely hope | 
never shall. But I can quite imagine that a wind gust might increase your angle to that 
extent, say for instance when you are heavily banked up with the underside of the wing 
exhibited to the wind. 

[ admit that the extent of the changes in the position of the centre of pressure might 
have been shown by one diagram such as Professor Petavel sketched. I went so far as 
actually to draw this very diagram, but decided that on the whole it would be better 
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not to use it, but instead adopt the method I did. You must remember that my audience 
consisted not only of scientists hut also of pilots and others, who would rather have the 
change in question exhibited to them in such a way that they could compare its extent 
bit by bit with that of the changes in ordinary tailed machines. 

In reply to Mr. Ledeboer, if he is asking me whether this wing is as efficient as an 
ordinary rectangular aerofoil, I do not pretend for a moment that it is so—at least in theory. 
All said and done, the most efficient aeroplane consists of a single straight across wing, 
a mere thin shell, with a deep camber and with no tail or elevator, vet such would hardly 
be a desirable form of machine. But if we compare our V-shaped aerofoil which needs 
no tail, against the ordinary straight across aerofoil plus a floating tail then | think our 
efficiency is better. It must be remembered that on both monoplane and biplane | 
prefer to carry a quite unusual amount of underframing and landing gear. But this has 
nothing whatever to do with the efficiency value of this type of surface. I do it deliber- 
ately, for considerations of safety in landing, and would still continue to do so were I 
building ordinary machines. In spite of this deliberate handicap I get 50 miles an hour 
when climbing and 60 miles an hour on the straight out of the 50-Gnome monoplane, 
while with monoplane and biplane I can carry about 20 lbs. per borse-power. 

With regard to Mr. Ledeboer’s fears about the behaviour of a stable machine when 
near the ground in rough weather, I can assure him that these are quite unfounded. 
Here theory can be and has been tested by practical experiment. I have flown now for 
years in all sorts of weather and i have never with this machine noticed the slightest irregu- 
larity in the flight path when five or six feet from the ground. Remember this machine 
is not a dihedral angle machine and does not roll. It is not till one gets up to about 
40 feet that one becomes aware that the air is other than dead calm, and one does not 
begin to experience “remous ”’ till one is up 100 feet or so. 

Finally, 1 must remind you that all my work has been done by practical experiments. 
It is not the experimental facts which are in question but the theory which I have evolved 
to cover those facts, which theory I submit to this learned Society for criticisms. But 
the facts are unquestioned. The aeroplane does do these things, and if the theory does 
not give warranty for the practice then it is the theory which is wrong. 


A very hearty vote of thanks to Prof. Petavel for his kindness in presiding terminated 
the meeting. 
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THe TWELFTH MEETING of the Forty-eighth Session of the Aéronautical Society 
of Great Britain was held at the Royal United Service Institution, Whitehall, S.W., 
on Wednesday, 7th May, 1913, at 3.30 p.m. Dr. H. N. Dickson, D.Sc., President of the 
Royal Meteorological Society, presided. 


ATMOSPHERIC WAVES, EDDIES AND VORTICES 
BY COLONEL H. E. RAWSON, C.B., R.E., F.R.MET.SOC. 


WIND has been defined as air in motion and cloud as condensed visible vapour, and 
by studying these in the different levels of our atmosphere, with the fog-waves, water- 
spouts, dust-devils and such like phenomena which are experienced, we have arrived 
at the knowledge we possess of the waves, eddies and vortices that are to be found in it. 
Mathematicians have played a considerable part in correlating facts and disclosing to us 
what ought to be going on in the upper levels, but they will be the first to admit that without 
reliable data results obtained from formule are valueless. They are looking to the airman 
to give them such data, and he in his turn ought to make himself acquainted with the 
kind of information which is being sought for. 

It may have been the good fortune to some of those present to rise above fog and 
to see the surface below them by moonlight, when it is thrown into waves and billows 
by a gentle breeze blowing over it. I know no more beautiful sight.* Fig.1. (Lantern 


1.—Foa Waves (at San 


slides.)} These photographs of fog-waves have been taken from the United States 
Observatory at Mount Tamalpais, on the coast near San Francisco, from an elevation of 
724m., looking down on the upper surface which is lying at something between 1000 and 
(500 feet, or the ordinary height at which an airman flies. Typical wave-motions, surgings 
and splashes can be clearly seen in all of them. The aerial stream indicates that, though it 
is bounded by free surfaces, it must be sharply limited to preserve such stratification. 
It is almost certain that condensation is here caused by sharp contrasts of temperature 
at the boundaries, or what Helmholtz called the surfaces of separation, of air currents 
having different densities, temperatures and velocities, and under such conditions wave- 
motion must result, as we see it did in these cases. The records at the Observatory 
prove that the velocity of the wind increases greatly with the increase of altitude, and 
that a wind of 91 miles per hour may be blowing there when the velocity at sea level is 
only 47 miles. The prevailing westerly wind is said to pile up the water vapour on the 
coast line, and the contours of the land direct the air currents. The upper currents which 


*For the preparation and loan of many of the slides shown on this occasion I have to thank the 
Roya: Meteorological Society and its Secretary, Mr. Marriott, Mr. McAdie and Mr. Clark of the Mount 
Tamalpais and Aberdeen Observatories, Captain Wilson Barker and Mr. M. O’Gorman. 

+ The illustrations now given are a selection only from the large number of slides shown during 
the lecture.—Eb. 
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are not so affected by the surface irregularities and by the humidity will pursue their 
course and cause the indications observed in the photographs of a propagation of rectilinear 
waves at the bounding surfaces of air-strata of different densities. The average wind 
at the Observatory has a velocity of 22 miles per hour in summer and this would give 
rise to waves about 3000 feet from crest to crest. Waves 50 to 2000 yards in length have 
been measured at some places, and the average may be taken as from 200 to 500 yards. 
In one case where the temperature, elevation and wave-length were carefully measured 
with the help of a manned balloon, the waves were 500 m. from crest to crest, the motion- 
less air had a temperature of 36°9° F., while at a height of 400 m. there was a current of 
28 miles an hour and a temperature of 18°6° F. It is possible that airmen will find it more 
advantageous to watch their thermometer than their barometer when they are suspecting 
turbulent motion. Helmholtz has pointed out that the elevations of the air-waves 
can amount to many hundred metres, and that two crests of different groups of waves 
may reinforce one another to form such a wave-height that foaming is produced. A good 
instance of such a wave appears in one of the photographs. Fig. 2. It is not in dispute 
now that he was correct in thinking that systems of waves occur with remarkable 
frequency at the bounding surfaces of strata of air of different densities although quite 
invisible to us. We can only detect them when the lower stratum is so nearly saturated 


Fie. 2.--HeLMHOoLTzIAN Brttows. FRoM U.S. WEATHER BuREAU OBSERVATORY, 
Mount TAMALPAIS, CALIFORNIA 


that the elevated summit of the wave, within which condensation takes place owing to 
cooling, appears asa haze. When it is much elevated precipitation would be mechanically 
brought about, and would indicate by the visible vapour the presence of otherwise invisible 
waves, 

Fog-photographs have made evident to us rapidly moving currents of considerable 
extent, which owing to differences of temperature and density have given rise to faults 
in the undulating system as well as to upheavals. There is little doubt that increased 
knowledge regarding these will explain some of the local and non-periodic instances of 
turbulent motion which have been observed. The same wind passing over a lower 
stratum of varying depth will raise waves of different lengths and velocities, and as 
we have seen the wave-form may be considerably modified by reinforcement. Some of 
the curious effects of fog-banks upon sound waves have been traced to the undulations 
existing in the transmitting medium. At Mount Tamalpais sound waves are found to be 
reflected and refracted to a marked degree in the vicinity of fog-billows. Sound moving 
with the wind is refracted downward, and if moving against it, upward ; while echoes are 
heard when fog is present which are not heard in its absence. 

In the following photographs (slides, one reproduced) some good cloud and water- 
effects are illustrated, with ripples of both water and sand. When the sand-ripples are 
compared with the next series of photographs of ripple-clouds we observe that the dark 
shading in the clouds indicates the troughs of the waves and not the crests as might be 
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supposed. These ten slides leave no doubt whatever that waves are formed in all levels 
of the atmosphere, and are recognisable from the cloud-forms. 

In March, 1905, just after crossing the Equator on a voyage to the Cape of Good 
Hope the writer had the good fortune to witness the formation of wave-systems day 
after day, by a steady S.E. trade-wind of about 4 miles an hour which was first met 
just before reaching the Equator. On one occasion these waves were in the stratus level 
within 1200 feet of the surface, and filled the whole sky, which resembled a gigantic chess- 
board. All the squares were composed of largish globular masses, perfectly symmetrically 
arranged, with parallel lines of intervening blue sky between each, running continuously 
across the sky, with and perpendicular to the direction of the wind. The air was saturated 
with moisture, and each globular mass was the crest of an ascending column of air con- 
densing in wave-form under the action of the trade-wind. The parallel lines of blue 
were more defined from East to West than those running from North to South, and the 
wind could be seen scudding through the former without breaking the chess-board pattern 
in any way. No movement was detected in the position, or shape, of the individual 
masses for some hours. ©n t':e slide now presented to you are shown diagrammatically 


the stream-lines of the st-s ' S.K. trades of the South Atlantic. The wind was blowing 
very lightly during the od of the observations and was only strong enough to 
ripple the surface of the ovean. The lines of blue sky from East to West marked 
the troughs of the waves: « © 1 .: air was descending to supply fresh air to the ascending 


columns which were crowd by the visible vapour at the summits. The less defined 


Fig. 3.—RipeLe CLovups 


parallel blue lines running North and South did not however mark the troughs of any 
secondary system of waves, and the air there was not falling with the same velocity or 
in the same way (slides not reproduced). The scientific interest of the whole phenomenon 
is considerable, but it is beyond the scope of this paper to discuss it. These observations 
preceded an occurrence which is thought to offer a solution of what is popularly spoken 
of as a “ hole in the air.” 


A HOLE IN THE AIR 


Just before 10.30 a.m. one morning I was standing on the shore near Cape Town 
watching two large birds, which were probably albatrosses, following one another down 
wind, in soaring flight with apparently motionless flattened wings. They were excep- 
tionally high up but plainly visible. The westerly wind was blowing five miles an hour 
and the glass was high for the time of year. But for one massive Cu. cloud in the N.E. 
the sky was practically cloudless. Suddenly the leading bird fell a good hundred feet. 
It was evidently quite an unintentional manceuvre, for he fell vertically head over heels, 
and righted himself only after a struggle. Wheeling round in a circle, without any flapping 
of his wings, he came down into a somewhat lower level and continued his course in a due 
easterly direction. This was interesting enough to make all the circumstances worth 
noting down and it was made doubly so by what followed. The second bird was watched 
leisurely coming on, with the bright glint of sunlight upon his outstretched wings, when he, 
too, fell in identically the same way and at the very same spot. An important fact 
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was observed just as he fell. The glint of sun on the wings disappeared at this instant, 
and logking towards the big cloud it was seen that this was due to the bird having entered 
the shadow from it. This enables the accident to be explained satisfactorily. It is no 
explanation to say that the area was entirely screened by the cloud from the direct rays 
of the sun and that there was consequently a great fall of temperature. The cloud was a 
contributory cause, and the true explanation must be looked for in descending air at this 
spot whose density was. for some reason, increased to an amount which even such an 
experienced, but on this occasion venturesome, bird did not anticipate. 

From before sunrise that morning clouds had been obser ’ed in different levels moving 
in different directions to one another and to the surface wind. Enormous globular 
masses of Cu. St.. as they drifted along, had been noticed arranging themselves in parallel 
bands in the form of Roll Cumulus. At sunrise, as the successive layers of vapour 
in the different cloud-strata were lit up, the internal movements could be plainly detected 
Amongst the clouds immediately overhead it was remarked that in some places there 
was an upward motion and that rotation was going on there. The visible vapour from 
thence was drawn out horizontally in the direction of the drift. One large globular mass 
just west of the zenith clearly indicated rotatory motion within it, which was against the 
hands of a watch. The last clouds which were seen before the occurrence at 10.30 a.m. 
were drifting to the N.N.W. 

Though no waves were indicated at this latter hour ‘t is certain that all the requisite 
conditions for their propagation were present, and that up to 8.30 a.m. the expanding 
upward motion towards the crests of the waves, the horizontal drift as the scud was 
carried through the troughs which were formed at areas of contraction, and the rotatory 
movement in certain spots, were all in evidence and were proofs of the existence of a 
system of waves. Moreover the birds were moving without any apparent flapping 
of the wings, and it is impossible that they could have maintained their elevation if they 
were in a uniform wind which was moving horizontally. Either they were not pursuing 
a horizontal course, but were descending as they went down wind into currents of decreasing 
velocity, or they were making use of a wind which was either not horizontal or not uniform, 
The albatross has been generally credited with the power of taking advantage of winds 
blowing at different velocities in two contiguous strata, and turning to account the vertical 
motion which is to be found in gusts of wind in order to maintain his soaring flight. 

All the circumstances point to the existence of invisible waves at the time the birds 
fell, and to obtain a simple explanation of what happened it is only necessary to assume 
that they had just reached the trough of a wave as they passed into the shadow of the big 
Cu. cloud. - At the troughs there is ordinarily a descent of the gases by gravity to take 
the place of the ascending gases under the crests of the waves. They have lost the 
buoyancy of the aqueous vapour precipitated by work done against pressure, and the 
density there has greatly increased, in spite of a slight warming by the heat liberated upon 
contraction. A sudden cooling such as would be caused by the interception of the sun’s 
radiation by the cloud would accentuate the fall of the air there and the birds would be 
carried down by it. In this, as in many other cases where woods or rivers might bring the 
same conditions into play instead of the cloud, the trough of the wave might become 
a hole in the air. It would only be necessary for the descending air which is bounded 
by free surfaces to attain a certain critical velocity when it must break into eddies. The 
first bird that fell, it will be remembered, wheeled round in a circle before proceeding 
on his original course; and in the morning the visible vapour in one of the globular 
masses overhead had been seen to be rotating against the hands of a watch. Possibly 
eddies and vortices are more common under the troughs of waves of such a description 
than is generally supposed. 

I am fortunately able to show you in this photograph (slide not reproduced) the actual 
spiral winding in very low Cu. clouds. 

Experiments with water running out of an ordinary bath, when the plug is pulled up, 
show very conclusively the eddies which are set up when stream lines of different tem- 
peratures and densities pass over one another at different speeds and at various angles, 
in vertical as well as horizontal planes, on their way to the outlet. These conditions can 
be brought about by introducing hot water by means of an indiarubber pipe into any 
particular level of cold water which is moving towards the vent, or it may be spread 
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over the surface like a sheet by a simple contrivance. Hot layers may be produced 
by these means with a cold layer between them; and in fact almost all the conditions 
which can be imagined to exist in the air may be reproduced to a certain extent in the 
water and the results watched. Under these circumstances, with the help of some delicate 
threads or fluff to indicate the motion, eddies and vortices, and in some cases waves, 
may be seen to form and in the case of the former to revolve round the main vortex and 
round one another. Sometimes the motion is clockwise like that of the winds in an anti- 
cyclonic system, while other eddies are rotating anti-clockwise like winds in a cyclone. 
Such eddies may appear at considerable distances from the main vortex, and on their 
way towards it may coalesce and eventually revolve round it, if of opposite character, 
or be absorbed if of the same character. Subsidiary vortices may even be formed, and 
fluff be sucked down spirally in them. The rotation in the upper layers of a vortex may 
be in a contrary direction to that in the lower, and floating particles near the bottom 
have been seen revolving in one direction while those at a higher level were moving 
round the centre in an opposite direction. Vortices have been seen to commence at the 
surface of contact between hot and cold areas where a state of physical discontinuity 
must exist. 

Some important facts bearing upon the atmospheric eddies which meteorologists 
know so well have been observed. Long threads and stream-lines of fluff moving below 
the surface towards the main vortex will assume sinuous forms, exactly like the typical 
isobaric lines in the synchronous charts of an area in which the thundery type, known as 
Line Squalls, is prevailing. Four or more eddies, tending to become vortices, may be 
seen simultaneously with, but quite independent of, the main vortex. Particles moving 
in the lower layers towards the main vortex do not travel continuously but with varying 
velocity, and there are intervals when they may remain at rest. In both these cases 
the subsidiary eddies occur as we should expect, not in the level in which the threads and 
particles are seen to be moving, but where the pressure changes are greatest and there 
are pronounced surfaces of separation, that is, on the surface of the water. From experi- 
ments with balanced wind-vanes and tethered balloons meteorologists are familiar with 
the rising and falling air-currents which exist in the atmosphere and with the existence 
of velocity changes which are not of the same type as the normal gusts. It has been 
suggested that such velocity changes, if of sufficient intensity, might be the meteorological 
interpretation of the conditions known as “holes in the air,’ and we see how these 
phenomena may result. But they must not be looked for of necessity in the atmospheric 
level where the velocity changes are registered. 

Anemographs have familiarised us with instances of sudden decrease in wind-force 
accompanied by a change in wind-direction. Here is a slide (not reproduced) representing 
one which has been described in detail in Dr. Shaw’s and Mr. Lempfert’s Life History of 
Surface Currents, and is taken from the records of the observatories at Falmouth and 
Plymouth. The disturbance was not confined to this part of England, but there were 
changes in the meteorological elements which could be traced in connection with it during 
the course of the day over practically the whole of our islands. 

Photographs of fog-waves on the west coast of California have shown the undulatory 
motion due to the conditions accompanying land and sea-breezes there, and the following 
slides (not reproduced) present us with three typical anemographs accompanying the squalls 
during a record depression, the eddies during the passage of a Wedge, and the convection 
effects on the west coast of England, at Fernley Observatory, Southport, during each hour 
of the twenty-four. In the next slide the sudden drop, under a thunderstorm at Kew, 
in the barometer and thermometer is shown. There is hardly any change in the wet 
bulb’s trace. And in this slide (not reproduced) we have the festooned clouds (mammatum) 
which not infrequently accompany thunderstorms in South Africa and the tropics, but are 
rarely seen in such defined outlines as are presented here. This slide has been drawn by 
hand and the pendulous protuberances are very remarkable. I have, however, seen them 
quite as sharply outlined as this, and we cannot help being struck with the resemblance 
between the pendulous shape and that of the catenary of a magnified raindrop. If a more 
viscous (treacly) liquid than water be substituted, such as one of the heavy oils used for 
motor cars, the resemblance is even still more striking. We are irresistibly led to the belief 
that we are here viewing a gigantic drop held together by the elastic skia—the tension at 
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the free surface—of the water supplemented by electrical attraction, and that the eddies 
we so often see in such cloud systems will be formed as soon as the skin breaks under the 
internal pressure. Such eddies are well figured in a recent work by one of our members, 
The A BC of Hydrodynamics, by Colone! de Villamil, where he is illustrating the breaking 
of the “ surfaces of discontinuity ” which exist along the free surfaces of a stagnant pool 
at the back of a fixed plate, past which a liquid is flowing right and left. When the 
pressure of the flowing stream is reduced, by increasing the velocity, the breaking point 
of the elastic skin is soon reached. In these large pendulous drops the pressure must 
increase with the depth, and when the skin breaks near the bottom the condensed vapour 
must flow out into the upward currents, which are characteristic of a thunderstorm, 
and the eddies will be formed with which we are familiar. Here are actual photographs 
of such festooned clouds. Fig. 4. 

If we wish to inquire where all the energy comes from to maintain phenomena 
such as these I would remind you that in quiescent air at ordinary pressure and tem- 
perature, in a room 12 feet high by 18 feet wide by 22 feet long, it is computed that there 
is enough energy locked up to propel a cne-horse-power engine for more than twelve hours. 


Fie. 4.—FESTOONED oR MamMatuM CLoupD 


Mr. W. H. Dines, F.R.S., in a recent paper contributed to the Royal Meteorological 
Society, calculated that rainfall to a depth of -16 in. over any area, by the latent heat 
set free upon condensation, supplied the heat required to raise the whole atmosphere 
over that area 1°C. The equivalent in kinetic energy would impart to the whole atmos- 
phere a velocity of 73 miles per hour.* 

Thunderstorms, tornadoes and the like are convectional phenomena, and all cyclones, 
which are only gigantic eddies after all, were all recently considered to be in the same 
category, but upper air investigations have proved that in some classes of cyclones, 
and certainly in those which visit Europe, convectional conditions are not maintained 
throughout. The experiments with water-vortices show that they should not be. A 
cyclone may be comparatively shallow, hardly three to four miles deep, and with a wide 
base sometimes 1,500 miles across. A tropical hurricane with intense vorticose motion 
may be six miles and more high, but only 500 miles across. It is not at all uncommon to 
find in front of the cyclone a vertical buoyancy which carries the southerly winds upwards, 
so that they over-ride the colder stream lines on the north side. They descend again 


*« The vertical distribution of temperature in the atmosphere and the work required to alter it.” 
Read before Roy. Met. Soc., April 16th, 1913. 
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in the rear portion of the system. Such feeding currents have been traced from great 
distances and they do not even approximately flow into the cyclones in circular courses 
as if actuated by vertical convection. In the north-west and west quadrants the stream 
lines often move together in all levels, but in the south-east and east they may be flowing 
over one another at right angles and in some cases from opposite directions. 

It is an important fact that in the eddy experiments referred to above, the rotation 
in the upper layers of a vortex has been seen to be in exactly the opposite direction to 
that in the lower. Floating particles near the bottom have been seen revolving in one 
direction and those at a higher level in the opposite, while the surface has been quiescent 
owing to the surface tension being sufficiently strong to resist eddying. The upper 
particles have been watched slowly rising towards the calm surface and the instant they 
reached it the film has been broken for the first time, and rotation has commenced in the 
same direction as that followed by the particles. In aerial phenomena eddies should be 
looked for where discontinuous surfaces of a similar order occur in the free air. 

It is not only over the vent, nor even close to it, that a vortex may be formed, and 
particles have been seen to be sucked down at other places, even though the surface 
was unbroken by any eddy. 


Fia. 5.—Errects oF CYCLONE 


Uprer Picture: L'vixG TREE DRIVEN INTO A HoRSE 
Lower Picture: S DRIVEN INTO Woop 


In these experiments every condition was kept as nearly the same as possible except 
in regard to the temperature of te hot water and the manner, as well as the places, of its 
admission. They showed how n essary it was in all such phenomena to take into account 
the viscosity of the water, and it would seem that it is due to our too often neglecting 
entirely the viscosity, or treacliness, of the air that our interpretation of upper air 
phenomena has to be amended so frequently. A decrease of gustiness with height, 
which is independent of the direction of the wind, has been found near the surface and 
deductions have been drawn as to a further decrease in the upper levels. But it now 
appears that no such deduction is admissible. Airmen will be able to assist the meteoro- 
logist here to the advantage of both. 

Some idea of the solidarity of the stream lines in violent storms may be obtained 
from these photographs of straw driven into a growing tree, an example of which I have 
seen myself; and of a tree driven into a horse which was exposed to the gale. In this 
next photograph (not reproduced) on the other hand the patch of felled trees in the wood 
suggests that in some part of a cyclone the violent winds, in sweeping over it, will descend 
on a spot and lay every tree low in a tangled mass ; then rising up, will pass to another spot 
where they will do the same thing, leaving the trees untouched between the two, as I have 
seen. 
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Waterspouts (Fig. 6) such as appear in these three photographs, and Dust Devils, are 
examples of violent winds in vorticose motion over very small areas of water and of land, 
and are, in their character, essentially the same as whirlwinds and tornadoes. Duststorms 
in South Africa generally precede thunderstorms by some twenty minutes, warning 
people of the danger of remaining out unprotected. Several columns of whirling dust 
may be grouped together to form a large single system, and they move on together, 
each whirling independently round its own axis and drawing in dust and other substances 
which are carried in by the air-currents blowing along the surface of the ground and being 
fed by descending columns of cold air. 

The viscosity of air is much less than that of water, and its power to resist being thrown 
into eddies is therefore less. In the following slide (not reproduced) hypothetical stream- 
lines are shown passing between four anticyclonic systems supposed to lie in pairs upon each 
side of the equator. In the northern hemisphere every current, in whatever direction it 
moves along the surface, is diverted right-handed, and in the southern hemisphere left- 
handed by the rotation of the earth, so that the circulation in an anticyclone is clockwise in 
the former case and anti-clockwise in the latter. A steady stream, such as that of the South- 
east Trades in the South Atlantic, is therefore passing at an angle between the two anti- 
cyclones on either side of the equator and is meeting with no opposition from the winds 


Fie. 6.—WaTERSpPoUT (IN BACKGROUND ON RIGHT) 


circulating in the two systems. But thirty years ago Osborne Reynolds, lecturing at the 
Royal Institution upon the two manners of motion in water, showed by means of coloured 
streams that in expanding and contracting channels water entering the wide mouth 
quite steadily will preserve its clear streaklike character until it reaches the neck where 
convergence ceases ; then on entering the expanding channel it is altogether broken up 
into eddies. The motion is direct and steady in the contracting tube, sinuous in the 
expanding. When the velocity is slow there is direct motion in both the expanding and 
contracting portions of the tube. Yet they are not similar. He says: ‘“ The first is < 
parallel stream through surrounding fluid, the latter a faggot of similar elementary con- 
tracting streams.” On increasing the velocity the first breaks down, the second remains 
and the expanding tube is filled with eddies. This reasoning applies to air-streams 
equally with water-streams, with the addition that eddies are formed more easily. Now, 
in the North and South Atlantics we have two such anticyclonic systems as are repre- 
sented in the slide, and as theory points out, we find eddies to be a characteristic feature 
of this equatorial region and cyclones, which become hurricanes at certain seasons, breed- 
ing off the south-west margin and moving in a way which they do not do in the Pacific 
where there is no corresponding so-called permanent anticyclone. That the conditions are 
very different when the two anticyclones are in the same hemisphere and the winds 
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blow from opposite directions where they meet, is shown in the slide. And on this next slide 
(not reproduced), which illustrates the well-known V-depression, we see what happens. The 
eddy that is formed reminds us very much of the famous whirlpool in the Niagara Rapids, 
which is formed where a sharp bend takes place in their course. It is in proximity to this 
so-called secondary cyclone that the cold air is now ascertained to be descending from the 
upper levels. It used to be held that the bulk of the descending air which feeds the 
cyclone accompanying the anticyclone came down in the calm centre of the latter system. 
Recent investigations show, however, that it descends at the shoulders and protuberances 
of such systems and in the area near the trough of a V-depression. In South Africa 
where travelling anticyclones succeed one another with great regularity at certain seasons, 
the intense cold of the west side of the inverted V which the change of wind clearly 
indicates, is one of the most marked characteristics accompanying this type. 


HURRICANE FORCE OF DESCENDING CURRENTS 
The violence of the force which descending currents can attain is hardly appreciated 


by those who have not experienced it. The “ Libeccio”’ or South-west wind of Corsica, 
descending from the summits of the ridge upon Bastia, the Bora of Southern Russia _pre- 


HIGH CLOUDSe NEGRCY, STATIONARY 


Kia. 7.—DrAGRAM oF Hetm Croup In CUMBERLAND 


cipitating itself from the Varada Mountains upon the Bay below, and our own Helm Wind 
rushing down the slopes of Cross Fell in Cumberland into the Eden Valley below, are 
excellent instances of the hurricane force of descending currents. On this slide (not repro- 
duced) is shown a contoured map of the Cross Fell range running N.N.W. to 8.8.E. without 
a break, with steep sides to the west, and its summit is, as you see in this photograph, rough 
but flat, continuing some distance to the east as a high tableland with dales and valleys. 
The fall on the west side is from 1,000 to 1,500 feet in about 14 miles, and at its foot lies the 
Vale of Eden, about 20 miles broad, extending to the hills in the Lake District. The next 
slide (Fig. 7), shows the cap of cloud known as the Helm Cloud, and the huge and turbulent 
Helm Bar which forms over the River Eden, fairly parallel to the Cross Fe!l ridge, lying in 
two halves with a clear interval between them. The Bar bends round at its outer ends to 
join the Helm Cloud, and the two enclose an open space of an elliptical shape of which the 
transverse diameter is computed to vary from 8 or 10 to 25 or 30 miles, and the conjugate 
from 4 to 4 or 5 miles. An hour before the scudding clouds arrive which herald the 
hurricane that is to follow, a roar “ like breakers rolling in on loose shingle ” is heard. 
The descriptions of what follows indicates that those who have experienced it are often 
quite unable to give an unbiassed account of it. Horses and carriages are overturned, 
riders carried bodily out of the saddles while the stupefying noise is ‘“ that of a cotton mill 
when all the machinery is going.” 


Ovegq VALLEY HELM ; 
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The phenomenon is one of the most interesting in our islands from a meteorological 
point of view and the records of it are fairly numerous. They all agree in certain main 
features. The wind is invariably from an easterly quarter when the Helm Cloud forms 
and upon this taking place the wind rushes down the western slopes, not in gusts, but 
with unceasing fury and continuous pressure. The velocity, however, rapidly decreases 
as the area under the Bar is reached, and 50 yards beyond this the wind will have ceased, 
and light puffs will be felt from the opposite direction, not strong enough to blow out a 
candle. The temperature on top of the Fell has frequently been found to be 12° F. 
colder at the time than at the foot, and sometimes as much as 14°, and the wind 1s 
always very cold. The fall of temperature under the Cloud and an upward current 
under the Bar are considered to be essential characteristics of the phenomenon. 
For nine days together the Helm wind has been known to blow continuously, the 
Bar advancing or receding or continuing stationary for a day, but always “ boiling.” 
Sometimes it has been observed to be more scattered and in four or five portions, 
and in such cases the winds in the district blow very irregularly, sometimes from 
the east and sometimes from the west. The space between the Cloud and the Bar 
is usually clear, but at times small patches of vaporous cloud break off and travel 
from the Cloud to the Bar, indicating the depth of the stream. It also is recorded 
that the surface wind is most violent when the Cloud is highest above the mountains 
(their height is 2,930 feet above sea-level) and at such times the wind is very strong 


TABLE 


Fic. 8.—Dracram or Croup Errect at TABLE Mountain 


under the cloud itself, whereas if the Cloud rests on the summit a dead calm may 
be experienced in the mist while cold air is rushing violently down the slope. The 
phenomena have never been satisfactorily explained. Mr. Cave’s investigations of 
the upper air with sounding balloons have shown that the east wind sometimes 
blows as a solid mass of enormous depth, with few or no internal changes of direction 
or of velocity within it. If such a mass arrives at the edge of a steep slope and from 
any cause, such as expansion due to a heated western slope, loses by condensation 
the buoyancy of its aqueous vapour and rushes down under the action of gravity, 
we have the conditions which lead to the formation of eddies. The ground is a curved 
solid boundary wall to the stream and the velocity is greatest at some distance above 
it. Eddies must be formed in such a case and the experiments with water-vortices 
show us where they should be looked for, viz., at surfaces of discontinuity. 

The well-known cloud phenomena over Table Mountain at Cape Town bear a 
resemblance to those of the Helm, and in this slide (Fig. 8) what takes place there, when the 
** Table-Cloth ’’ forms, is shown. The height of the mountain is 3,850 feet, and the 
Cloth frequently forms when the wind is blowing from the 8. or S.E. A violent 
wind will then blow down these precipitous sides over the town; and just over the 
edge of the sea, vertically above the jetty, a small white patch of cloud will be seen 
to form and to remain in the same position “‘ boiling,”’ as the hurricane of wind blows 
through it. Herschel has described how he stood for hours watching the violent 
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internal agitation of such a cloud, about two acres in extent, the material ever 
changing, but the form and aspect unvarying. We can have little doubt that under 
such circumstances there is a region of discontinuity between the dense air which 
has lost its aqueous vapour, and the warm light air above it which has not done so, 
and that waves several metres high may be set up in it, whose crests, wherever 
reinforced, would be thrown up as seen in the photographs of the fog waves, to be 
precipitated as a cloud. 

From what has been put forward it will be evident that waves, eddies, and 
vortices are very much more common than has generally been supposed. The con- 
tour of the country may give rise to them by diverting currents of air of different 
densities from the normal path which differences of pressure seek to impose upon 
them. But contrasts of temperature, and the conditions which ensue, are as powerful 
instruments in causing them as the closely allied changes of pressure, and a pilot 
will be wise, when turbulent motion is indicated, to watch his thermometer quite 
as carefully as he does his barometer. 


Discussion 


Mr. Frank McCriean said that the graphs shown of sudden change of wind force 
were very interesting. If one saw the anemometer record drop from 60 to 20 it woula 
mean good flying weather if the wind remained in the same direction ; but, with a change 
of wind-direction, there would almost certainly be some big return gust, as was shown 
clearly on the screen. 

The under-side of clouds was a very good indication of what one would find on the 
way up to them. Mammatus Cumulus was an absolute sign of trouble below, but at the 
same time a smooth under-surface did not necessarily mean calm. The worst form of 
wind movement was what might be called the cart-wheel eday, where the air was travelling 
in circles in the vertical plane instead of the horizontal. These, on a large scale, ca ised 
the worst destruction to property as they first of all knocked everything down and then 
picked it up and threw it about. On a small scale they were dangerous to aeroplanes, 
and the air might be descending on the elevator the same time as it was ascending at the 
tail. 

Capt. Ley: I think we ought always to remember the difference between the 
behaviours of air and water in the matter of oscillation. In air the thermai relationship 
of pressure to density is of the first importance, so that periodic oscillations may be 
regarded as thermal waves. Now the amplitude of these waves is probably of the order of 
one per cent. of the mean absolute temperature in a horizontal stratum in the free 
atmosphere, and although, given sufficient period, this might produce considerable 
differences of level, it cannot produce rapid vertical motion.* 

[f it were otherwise the periodic oscillation would be discovered by balloons having 
low upward velocity, and I can discover no evidence of such a phenomenon from balloons 
travelling just below wave stratus cloud. 

Observations on irregularities in the flight of birds are apt to be highly deceptive 
in the absence of knowledge concerning the mechanics of their flight, their habits in the 
face of horizontal gusts, and the physiological effect of sudden changes of light on their 
nervous systems. 

Still more deceptive are clouds. The height and velocity of a cloud is an extra- 
ordinarily difficult thing to guess at; but even if we do correctly estimate the velocity 
of a wave-cloud we have by no means necessarily arrived at the velocity of the wind in the 
cloud stratum. 

As regards mammatum cloud. W. Clement Ley has observed that this structure is 
adopted by very different clouds, many of which are composed of ice particles. The 
festoons also must often be more than 100 yards in diameter. Such observations hardly 
square with any theories depending upon surface-tension. 


Col. de Villamil and Capt. Wood also spoke. 


* See short article by Capt. Ley, pp. 257-8. 
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Col. Rawson, in reply to the discussion, said he wished to emphasise the danger 
pointed out by Capt. Ley of applying too freely to the air, lessons which the movements 
of liquids appear to teach. In the case of air the constant change of density met with 
must be taken into consideration. Examples of this have been frequent in what has 
been said. The questions have been asked, Where do the vortices begin, and what starts 
the eddy in the supposed Hole-in-the-air ? With regard to the former he could only 
suggest the same explanation as in the case of the water-eddies. Subsidiary eddies 
will form at surfaces of separation when the density, temperature and motion are different 
in contiguous strata, provided vorticose motion exists in the area and is maintained by 
some physical cause. In the bath experiments the vorticose motion at the vent sufficed 
to start such eddies some distance away. If his view was correct that there was falling 
air in the “ Hole-in-the-air,’”’ eddying motion must take place when the critical velocity 
was reached. This followed from Osborne Reynolds’ classical experiment. He thought 
that the airman should make more use of a thermometer than he does at present if he 
wishes to reduce his risk of meeting with eddies. Under stabie conditions—convectional 
equilibrium—his thermometer should fall as he rises. If a reversion of ten perature 
occurs let him look out, and let him leave the level where it is taking place. He put 
forward the suggestion regarding one of the causes of the turbulent motion seen with 
some forms of mammatum cloud as a suggestion only, but one which theory supports. 
He had watched these clouds carefully in the southern hemisphere where splendid specimens 
were to be seen. His wish had been to impress on designers of aeroplanes that waves, 
eddies and vortices were more common in the air than generally supposed, rather than to 
say why they were there. 

General Ruck, in proposing a hearty vote of thanks to Dr. Dickson for his kindness 
in presiding, expressed the appreciation of the Aéronautical Society of his presence in the 
chair, as representing the Royal Meteorological Society, for the work of both Societies 
had much in common, and they all hoped that where possible fellow workers would 
co-operate in their work. 

The proposition was carried with applause, and the meeting terminated. 
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VERTICAL MOTION IN ATMOSPHERIC WAVES 


BY CAPT. C. H. LEY, F.R.Met.S., A.F.A€.S. 


That vertical currents or components of air-motion having a velocity of several 
metres per second occasionally occur in the lowest two kilometres of the atmosphere 
is an observed fact, but we are far as yet from complete knowledge as to the conditions 
which produce such motion. 

[ suggest, however, that wave-motion proper, that is low-velocity, periodic oscillations 
of pressure or temperature, whether transmitted from a distant source of disturbance, 
or occurring under the continuous interaction of two horizontal currents of air, can be 
ruled out from any list of hypothetical causes of important vertical motion. 

A gas differs vitally from a liquid in that in the former the pressure P is connected 
to the density D by a thermal relationship expressed by the formula :—- 

P & DIT, where T is the absolute temperature. 

This fact, coupled with the consideration that we have in the lowest 2 KM to deal 
with the bottom layers of a deep ocean of air in which discontinuity of surface cannot 
exist, seems to me greatly to modify conceptions of aerial waves based on water analogies. 
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The idea, for instance, that aerial waves of the kind referred to can, when once 
started, propagate themselves over great distances like ocean rollers without any 
continuously acting force save that of gravity, becomes untenable. No horizontal 
surface of discontinuity at all resembling that occurring between water and air can exist 
in the lower depths of an elastic ocean such as the atmosphere, and any tendencies to 
variations of pressure at the same level in such an ocean are either at once suppressed 
by the weight of the superincumbent mass or rectified at a velocity comparable with that 
of sound. 

Yet conditions occur when horizontally moving bodies of air are disposed one over 
the other in layers, in which difference of temperature provides a continuous force acting 
over a large area, which is sufficient to produce alternate contractions and expansions 
in the bounding surfaces, resulting in wave-like stratus clouds. 

And, since in the formula given above, if P is kept constant, T and D may vary in 
inverse ratio to one another, it is allowable, and sufficient for the present purpose, to 
view these waves not as pressure waves, but as thermal waves, formed by the projection, 
as it were, of alternate portions of one current into the other. 
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The intensity of this interaction obviously depends upon the nearness of approach 
to discontinuity of surface, 7.e., upon the vertical gradients of temperature and velocity 
in the buffer stratum between the currents. 

Now meteorologists will probably agree that a temperature gradient of 1° C. in 
20 metres of height is a gradient most unlikely to be exceeded in the free atmosphere. 
Also it will probably be agreed that a current having a temperature of 285° C. (A) might 
be superimposed upon one at 280° (A), that the “ buffer” stratum between the two 
might be about 200 metres thick, and that, given difference of velocity, these conditions 
would favour stable wave-motion of the kind referred to above. 

A section of the stratum showing a probable distribution of the isotherms having 
regard to the necessities of continuity could then be drawn. 

The diagram shows such a section. It by no means is the only kind of arrangement 
possible, but it seems the only probable one satisfying the necessary conditions of stability 
and continuity. 

It will be noticed that the maximum difference of temperature between any two 
points at the same level is not much greater than 1° C., and occurs between an isothermal 
trough and crest as at A, B. But these are points of greatest downward and upward 
velocity, and the real troughs and crests are one-fourth of a wave length in advance of the 
isothermal ones—as shown by the thicker line AB. 

Let us take 15°C. as the maximum probable variation of temperature between 
isothermal trough and crest. 

Then the variations in density in any horizontal direction in the stratum are not 
likely to exceed }L{,th part of the density, 7.e., 0-54 per cent., and the variation above 
or below the mean density will not exceed 0-27 per cent. 

But the relative vertical velocity of any portion of air depends upon the difference 
between its density and that of the surrounding air at the same level, and its amount, 
durmg steady motion against resistance, varies as the square root of acting force, 7.e., as 
the syuare root of this density-difference. 

I therefore suggest that the density-difference likely to occur in any such conditions 
is of an order too small te produce any high-velocity motion of air in a vertical direction. 

The calculation of the actual velocity in the hypothetical case given is a difficult 
matter, because analogies from experience with moving objects, such as balloons, are not 
strictly true ones. A balloon is of spherical shape, offers skin friction, and defin‘tely 
encloses a volume of gas at nearly uniform temperature within a surface presenting 
complete discontinuity. It is, moreover, difficult to assign a fair limit to the size of anv 
portion of air the velocity of which it is desired to calculate. 

It. is, however, of interest to note that if we take a biock containing 1,000 cubic 
metres of air, consider it enclosed by its own molecular skin and calculate its vertical 
velocity through the surrounding air at the earth’s surface under a lifting force of 0-27 per 
cent. of its weight, we get a result of the order 9-5 metre per second. 

I do not think the periodic + or — vertical velocities in any waves formed between 
two air-currents in the lowest 2 kilometres of the atmosphere ever exceed, if they ever 
equal this amount, and I am fortified in this conclusion by the results of pilot balloon 
observations. 

But such considerations do not, to my mind, in the least minimise the danger to an 
aviator of strata of change such as have been considered above. Sudden horizontal 
gusts, sudden vertical subsidences in unstable atmospheric conditions, and eddies occur 
in addition to the gentler periodic movements, and their effect is greatly enhanced by the 
relative motion through them of the aeroplane itself. 

The above rough analysis, moreover, has assumed conditions favourable for stable 
waves. in which the warmer current is placed over the colder one, and conditions also 
supposed to arise in a free atmosphere. Over the greater part of these islands the 
atmosphere up to 1-5 K.M. above M.S.L. cannot be considered a free one, and the effects 
of obstruction over large areas in the west and north, with unequal heating of the lowest 
kilometre, cause a disposition to stratification at various low levels and a greater frequency 
of local instability. 

For this reason, perhaps, the most perfect form of wave stratus is seldom seen 


levels below 1-5 K.M. 


at 
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(Presented to the Research Committee of the Aéronautical Soctety of Great Britain.) 
BY W. G. MANN, B.SC. AND J. BRIMELOW, B.SC. 

The following table was compiled from tests carried out at East London College 
(University of London) on eye-bolts used in aeroplane construction. The bolts were of 
the shape shown in the figure and were tested by inserting as large a pin as possible 

I : 
through the eve. All the fractures occurred at the bottom of the thread. The eyes 


were not distorted except in case of the largest—see note. 


TABLE OF RESULTS 


Length of bolt Diameter in Breaking load. 

in inches. inches. lbs. 
{* 365 - 
| “245 2.750 
245 3.120 
“242 
> 2? 600 
21 246 2,875 
oi 246 3.025 
2 ‘17 1,075 
2 ‘17 


* There were two specimens this size. When as large a wire as possible was through the hole it 
sheared. The hole was enlarged siightly—to }-inch diameter—and a }-inch rod used. Again the 
latter sheared, but the hole was noticed to have elongated. 


TENSILE TESTS ON FLEXIBLE STEEL CABLE 
AND CABLE ENDS 


(Presented to the Research Committee of the Aéronautical Soviely of Great Britain.) 
BY JAMES C. STEWART AND L. REEVES 


The following table is the result of a series of tests carried out at Kast London College 
(University of London) on various methods of mounting flexible steel cables, in cable ends. 

The specimens were kindly supplied by Messrs. T. W. K. Clarke and Co. 

Cables Nos. 1 and 3 were fixed in the following manner. The ends were knotted 
and tinned, then inserted in sockets or cable ends, and solder run in. The ends of cables 
Nos. 2 and | were provided with * Turk’s heads,” as shown in Fig. 2, and were again fixed 
by running in solder. 

Fig. 1 shows the method of fixing the cables during the tests. The piece marked 
“A” was gripped in the jaws of the testing machine. 


TESTS ON EYE-BOLTS 
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CABLE CABLE 
i Fig 1. | FORMS OF CABLE ENO TESTED. 
Description Diam. of ~— Total Breaking Breaking 
No. of cable. each wire. area. load. stress. Remarks. 
ins. sq. ins. tons. tons per sq. in. 
1 6 strands of 19 -O112 ‘O131 Sl 61-85 Broke in socket just 
wires round a below the knot. 
core of 19 wires 
2 6 strands of 19 -O112 1-14 Wire went to pieces at 
Wires round a this load, two strands 
core of 19 wires remaining unbroken. 
One socket had 
started to puli out 
just before breaking. 
3 6 strands of 19 -0112 69:47 Broke in socket just 
wires round a below knot. 
core of 19 wires 
{ 12 wires round a -028 “OL17 1-24 106-0 Broke in socket where 
core of 7 wires wires were turned over. 


It will be seen from the table that the method of mounting the cable, as employed 
for specimens Nos. 2 and 4, gave very satisfactory results, the cable in the case of No, 2 
apparently not being weakened by the method of fixing since it broke outside the sockets. 

In conclusion the atithors wish to thank Prof. D, A. Low for the valuable assistance 
and suggestions which he gave them. 
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LIST OF FATALITIES 


Date 
1913. Name. Nationality. | Machine. Place. 
July 17 Major A. W. Hewetson “nglish Bristol (1) Salisbury Plain 
Aug. 7 .. S. F. Cody English Cody (2) Farnborough 
Aug. 7 W. H. B. Evans (P) inglish 
(1) Monoplane. (2) Biplane. (P) Passenger. 


AERIAL NAVIGATION ACT, ror 


In pursuance of the power conferred on me by the Aerial Navigation Act, 1911, 
I hereby, for the purpose of protecting the public from danger, make the following Order :— 

I prohibit the navigation of aeroplanes over so much of the County of London as 
lies within a circle the centre of which is Charing Cross and the circumference is described 
by a radius of four miles in length. 

This prohibition shall not apply to aeroplanes exempted, for special reasons, by 
my Order. 

(Signed) R. McKenna, 
One of His Majesty’s Principal Secretaries of State. 
Whitehall. 
22nd September, 1913. 
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REVIEWS 


British Museum (Nat. Hist.) Special Guide No. 6. Guide to the Exhibition of 
specimens illustrating the modifications of the structure of animals in relation to 
Flight. (London: 1913. Price Sixpence. pp. 80. Illus.) 


THIs is a very interesting exhibition, as the main principles of flight, as exemplified 
by the various flying animals, are very clearly shown. Great credit is due to Dr. Rideout 
and his assistants for the useful work done by them, and it is to be hoped that all students 
of aeronautics will carefully study the very important detailed models, &c., so well and 
carefully presented. 

The exhibits are shown in four cases, cards giving full details being attached to every 
exhibit. 

CasrE I.—This contains details concerning bats, various gliding mammals, reptiles, 
flying fish, and so on. 

The most important specimens are the skeleton of a bat, the dissection of the 
shoulders of a fruit bat, and the very neat little model, No. 9, illustrating the mechanical 
principles involved in the elevating and depressing of the wing of this animal. It should 
be particularly noticed that in bats the origins of the muscle for lifting the wing are the 
upper surface of the shoulder blade, &c., and not the keel of the sternum as in the case of 
birds. This is a most important point, which should be very carefully considered when 
selecting the best type of model for a wing-flapping flying-machine. 

There are a number of other interesting exhibits, such as the flying lemur, flying 
snake, &¢., but they are not of much importance from the aeronautical point of view. 

Case II.—This contains a number of specimens such as wings of different kinds, 
details of feathers, typical skeletons, &c. The most important, however, are the models 
No. 70, explaining the action of the two joint muscles, working the three wing bones, 
No. 71 showing the lazy-tongs action of the wing arm, and No. 91 illustrating the mode 
of opening and closing a bird’s tail. Two other very interesting models are No. 66, 
showing the mechanical principles involveu in the elevating and depressing of a bird’s 
wing, and No. 67, showing the system of attachment of the pectoral muscles of a pigeon. 

Case III.—This is devoted to ‘‘ Iasects,” and a great many different types are 
shown. Here again the most important specimens are No. 103, showing the ‘ Direct 
Action ”’ flight mechanism, and No. 104, illustrating “‘ Indirect Action.”” The former 
is something similar to that of birds, but the latter is quite different, as the depressor 
muscle is arranged in the thorax, longitudinally. It carries out its functions by shortening 
the thorax, causing the sides to bulge and displace the fulerum of the wing so as to depress 
its tip. 

Casre IV.—Microscopic slides illustrating certain features of the wings of insects and 
the feathers of birds. 

REMARKS.—As will be understood from the above the exhibition is a remarkably 
interesting one, and it is as far as I am aware the first attempt that has been made to 
explain in a simple way the general principles of animal flight. It is to be hoped that it 
will be added to, as funds are available, and some details given which are not at present 
shown ; such for instance as the part played by the tissues connecting the ends of two 
adjacent bones, and the peculiar action of the leg muscles, which allow of a bird dropping 
easily and safely on any kind of ground. The models above described might be improved 
also, by making the levers, &c., in the form of bones, and showing more clearly the exact 
points of attachment of the muscles to the humerus, as the peculiar arrangement for 
making the centre of pressure of the wing move in an elliptical course is of very great 
importance. 

J. D. FULLERTON, COL., R.E. (RET.). 


Aviation. By Claude Grahame-White. (London: Collins. 1s. net. pp. 260. Illus.) 


Practice makes perfect not only in the art of aviation, but also in that of book- 
writing. This little volume, which is the most modest and the least expensive of the 
long series of books on flying bearing the name of Mr. Grahame-White, is distinctly the 
best written. The author has avoided most of the gaucheries of style and the inaccuracies 
that marred previous books. 
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As a brief, lucidly written, and intelligent summary of the history of mechanical 
flight it would be difficult to beat, and there is an admirable chapter entitled, How to 
Become an Airman, which gives a very good account of the experiences of the average 
flight pupil, even if it does not add anything to the art or the science of flying. 

In a sketchy but quite readable style, the author gives his ideas on the subject of the 
war aeroplane, waterplanes, ard the future of flying. 


Handbuch fur Flugzeuge-Konstrukteure. By Camillo Haffner. (Berlin. 1913. Schmidt 
& Co. pp. 266.) 


THE present volume is the tenth of a valuable series of books on Aeronautics issued 
by the publishers under the editorship of A. Vorreiter, and we may state that it fully 
maintains the high level of the series. 

The first chapters are concerned with general principles and the calculation of weights, 
surfaces, power, &c., and contain several useful formule and tables, as well as a good 
collection of worked out numerical examples. More space might have been given to the 
design of wing sections and to a résumé of the work of Eiffel and of the National Physical 
Laboratory on the subject. 

The very interesting chapter on stability contains a description and criticism of the 
various stabilising devices that have been tried or proposed, and it is seidom that we have 
seen this ticklish subject treated in such a level-headed way. 

The chapter on motors ecntains an ingenious method for measuring the h.p. of a 
motor built into a machine, which deserves to be widely known. It consists in resting 
one wheel of skid of the machine on a platform weighing machine and measuring the 
increase of weight observed when the motor is set going. ‘This multiplied into the 
distance between the wheels gives the couple exerted by the motor. 

The later chapters are of a more practical nature than the earlier ones, and deal very 
fully with the usual materials ard methods of construction. This section would be much 
improved by the addition of careful analyses and dimensioned sketches of existing machines 
for it is only by a careful study of current designs that proficiency in this branch of the 
art can be acquired. 
W. E. W. 


Die Erfindung des Flugdrachen. By J.ieutenant-Colonel Hermann Hoernes. (Vienna: 
Wallishaussersche Buchhandlung. 1913. pp. 104.) 


Wir the lamented death of Wilhelm Kress, father of aviation in Austria, this little 
treatise loses the driving force that would, had he still been alive, have been behind it, 
though even now it fulfils its main object. Early in 19812 a somewhat acrimonious 
controversy took place in the Austrian technical and lay press on the claims of Kress to be 
the “inventor” of the aeroplane, claims which were urged injudiciously rather by his 
supporters than by the pioneer himself, though the latter, it is to be feared, did little to 
retute the extravagant and inaccurate claims urged on his behalf. Colonel Hoernes 
hereupon entered the lists as the champion of Sir George Cayley, Henson, Stringfellow, 
and Pénaud. To us in this country the controversy is a barren one, and the verdict long 
since given on evidence which may be found set out at length in the ‘‘ Aeronautical 
Classics.’’ But Colonel Hoernes undoubtedly did good work in the cause of historical 
accuracy in regions where the history of aviation seems to be unknown. The treatise 
itself mainly consists of a reprint in extenso of the press controversy with a commentary and 
a descrivtion of the early patents which conclusively dispose of the claims put forward 
on behalf of the late Wilhelm Kress. 


L’Aviation enseignee par la Structure. By F. Roux. (Paris: Berger-Levrault. 1913. 
pp. 218. 3 francs.) 


Lasr year’s Aero Show in Paris inspired M. Roux to write this book, and the fact that 
the author is an “ Architecte Honoraire du Gouvernemeat ”’ among other things, doubtless 
inspired MM. Berger-Levrault to publish it. When we have said that it is amiable and 
well-intentioned, we have exhausted our criticism. 
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Avionnerie Militaire. By C. Ader. (Paris: Berger-Levrault. 1912. Lllus. pp. 106. 
3 francs.) 

THE name of M. C. Ader is always one to command respect and attention. In this 
latest volume from his pea the theory of aiming from the air, expounded in notes 11 to i7 
of his earlier book, ** L’Aviation Militaire,” is completed. Drawings and descriptions of 
struments for measuring the height and speed of aeroplanes ¢ ver the ground are given. 
Instructions ere includca for preparing tables from which the operator can instantly 
find the correct angle of aim at the moment of launching bombs and torpedoes. The bock 
is extremely interesting and should attract the attention of the Royal Flying Corps, 
though in our opinion the methods and apparatus described seem rather complicated for 
their purposes. Having had some experience of bomb-dropping, we believe that only 
constant practice from varying altitudes can bring about good results. The sportsman 
does not consult tables to assist his aim on a rocketting pheasant. If he finds his aim 
faulty, he practises until it improves. Accurate sighting from an aeroplane is so difficult 
as to be almost impossible. We should, then, gain skill almost entirely by experience ; 
but this demands specialisation, and perhaps the introduction of “ bombardier ”’ as a new 
rank in the Flying Corps. 

M. Ader’s names of ‘ 
duly noted for future use. 


‘catachros’”’ and “ vélosolmétre’’ for his instruments are 


H. 


The Airman. Experiences while obtaining a brevet in France. By Captain C. Mellor, 
R.E. (london: John Lane. 1913. pp. 123. Illus. 3s. 6d. net.) 


Moprsty and naiveté, it is to be feared, are not qualities primarily associated with 
the aeroplane pilot, and are therefore the more refreshing when unexpectedly discovered. 
With a single exception the books on aviation written by pilots which have come to my 
notice have failed lamentably in their expressed purpose of affording the beginner, the 
pupil and the man in the street, an insight into the realities of aviation and into the 
true manner “ in which it is done.”’ The trouble is, firstly, that a pilot once he is the proud 
possessor of his certificate apparently deems it beneath his newly-acquired dignity to 
set forth in detail what levers he has to push with hands and feet and when, in order 
to accomplish the flight which, viewed from the ground, looks so easy and effortless. 
In the second place, he omits to acknowledge in print, though he knows it only too well 
to be the sad truth, that one learns more, far more, from one’s mistakes than from one’s 
successes, and therefore he leaves the pupil to find out for himself, which may wor k out 
satisfactorily in the end, even though the pupil would doubtless gain heart and enter the 
fray with more confidence once he knew the pitfalls. and the truth that most of his pre- 
decessors have at one time or another reluctantly explored their depths. Captain Mellor’s 
book is at once the truest, the most modest and therefore one of the most valuable books 
on aviation yet written. As a guide, philosopher, and friend it is to be commended 
unreservedly to every pupil, though many besides will succumb to its charm. It consists 
simply of a diary of his experiences when a pupil at the Farman school at Etampes, where 
he took his brevet on a Maurice-Farman. The whole merit of the diary lies in its sheer 
truthfulness and attention to detail, and the author is always ready to admit and describe 
his mistakes. It is written with charming simplicity, rclieved by occasional gleams of 
humour, and is illustrated by a series of good photographs. 

J.H.L 


All the World’s Aircraft, 1918. (Fifth year of issue.) By Fred T. Jane. (London: 
Sampson, Low. 1913. pp. 283. 21s. net.) 


THE fifth yearly issue of ‘‘ All the World’s Aircraft ”’ is undoubtedly an improvement 
upon its predecessors. In his preface the editor, referring to the section devoted to 
acrial engines, remarks that “it is probably still too ample.” The criticism is one which 
may be justly applied to the whole work even though much irrelevant matter has been 
omitted from the present issue. In its new arrangement, the book is divided into four 
sections, comprising (1) the aeroplanes and dirigibles of the world, grouped under the 
different countries, with the dirigibles separated from the aeroplanes; (2) historical 
aeroplanes of the last six years ; (3) aerial engines ; and (4) a who’s who and directory. 
In the first section Mr. Jane for the first time gives a brief summary of the military and 
naval air establishment of each country including the main outlines of organisation, an 
estimate of available craft, and lists of naval and military pilots. As before, the outline 
drawings of aeroplanes and dirigibles are made upon a uniform scale. The main features 
of the work, not omitting its clumsy format rendered obligatory by the scale adopted for 
the dirigibles, are, however, sufficiently well known to require no further description. 
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The principal innovations are the elimination from the main body and relegation 
to a separate section of what the editor euphemistically describes as “* historical aeroplanes 
of the last six years.’’ The step is one in the right direction, though the weeding-out 

rocess might be carried out even more stringently and, in particular, also applied to the 
dirigibles. But let us enjoin upon Mr. Jane to take the bold course, already advocated 
in the AERONAUTICAL JOURNAL in the past, of omitting these so-called historical machines, 
which, plainly stated, are simply freaks of no value whatsoever. It was also a happy 
thought to abolish the old absurd division into wholly separate sections of monoplanes 
and biplanes. In these various respects the new issue has gained greatly in value. 

But the volume is intended to be one of reference, and the first title to recognition 
of a work of reference is accuracy. Unless its information can be absolutely relied upon, 
its value at once disappears. The elucidation of the truth and the furtherance of accuracy 
is one of the main functions of the AERONAUTICAL JOURNAL. Let us therefore see in how 
far “ All the World’s Aircraft ’’ complies with the vital demand for accuracy. The 
following does not pretend to be a complete enumeration of the mistakes contained in the 
work ; it consists only of such as have been revealed by a rapid glance through the pages, 
and if some of the items appear to be of a trivial nature, they are rightly brought forward 
as evidence for or against trustworthiness of the information as a whole. It should be 
added that the figures and dimensions given in the text have not been checked. 

On p. 32 in a list of British aerial journals, the address of the AERONAUTICAL JOURNAL 
is given as 53, Victoria Street, that of Aeronautics (described as a 3d. monthly) as 27, 
Chancery Lane, while the Aero still figures as a yearly. Dagenham, of disastrous memory, 
still appears as the flying ground of the Aéronautical Society. 

On the following pages, under the heading “ Royal Flying Cerps,’”’ one may search in 
vain for the name of Colonel Sykes as commandant of the Military Wing, or for any 
indication that the staff, as given on p. 33, refers to the Central Flying School. 

On p. 63, Hart figures as killed on alist of Australian aviators, among whom H. Petre 
is also included on an obscure principle, since Pickles and Busteed (Australian by birth, 
but who have never flown in Australia) also figure in the list. 

On p. 68, referring to Chili, it is merely stated that “in 1912 a commencement was 
made and one Deperdussin purchased. Other machines are now on order,’ whereas 
a flourishing native school has existed for a considerable time, and turned out a number of 
pilots. 

On p. 165 the information relating to several of the Zeppelins is entirely inaccurate 
as are the drawings on the opposite page. Moreover, by an amusing “ howler,’ the 
station of two of these dixigibles appears as ‘‘ Wechselnd,” and for the benefit of those 
who have sought in vain for this place on the map, it may as well be explained that it is 
the German for “‘ varies.”’ 

In fact, so far as cursory examination shows, only the section devoted to the United 
States of America, revised by Mr. E. L. Jones, is free from serious inaccuracy. 

But it is when we come to the ‘“* Who’s Who ”’ that we gain a true insight into the 
methods whereby the work has been compiled. Anything more inaccurate, anything more 
replete with the most phantastical mis-statements than this extraordinary juxtaposition 
of the dead and living, of obscure pilots and of those whose sole title to fame appears to be 
that they have been “concerned with aviation, &c., since 1870.’ fulfil the exalted 
functions of West Coast correspondent to an American contemporary, or, in the case of a 
lady. ‘‘ is well-known in aeronautical circles,’ it would be difficult to conceive. It is 
certainly sufficient in itself to condemn the work in the eyes of anyone even cursorily 
acquainted with aerial navigation. 

Mr. Jane may eventually carry his venture to success, since there is undoubtedly a 
need for it, but the struggle will be costly and laborious. But as the first essential to 
suecess he should submit the whole work to the drastic revision of a competent authority. 


J. H. L. 


Das Schadensersatzrecht der Luftfahrt nach geltendem Recht und de lege ferenda. By 
Dr. Alex. Meyer. (Frankfurt-a-M.: Gebriider Knauer. pp. 116. 2.50 m.) 


(The present state of law with regard to indemnification for damages caused in Aviation.) 


As soon as aviation became an actual fact it became apparent that this new method 
of locomotion would bring in its train interesting legal problems for solution. Few laymen, 
however, would have anticipated that the questions about to be raised were so numerous 
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and complicated as to call into play the amount of literary activity and legal erudition 
represented in the list of works brought into contribution by Dr. Meyer in writing the 
present volume. About a couple of hundred books and essays have been used and con- 
sulted by the learned author. 


Although international law is obviously affected in addition to the commercial and 
civil laws of individual nations, the British and American contributions are merely two 
articles in the American Journal of International Law and an article in English in a 
German publication. The explanation, of course, may be that Continental nations wish to 
investigate what modifications are required in their codified law for all possible events 
that aviation may occasion ; while we are content to wait and let our judges declare that 
law and gradually settle problems as they arise. Be that as it may, the ever-increasing 
range of flight will make it desirable for owners of machines, pilots and often for passengers 
in aeroplanes and airships to become acquainted with the laws affecting aviation current in 
the countries where they land—voluntarily or involuntarily. 


Questions connected with the incidence of responsibility for damages caused through 
aerial flight and landing are clearly already of practical importance. This question of 
indemnification of punishment for mischief done is handled with Teutonic thoroughness 
by Dr. Meyer. The matter is not so simple as might be thought, e.g., it is possible for the 
following classes to be involved in responsibility for damages :—1. Owner ; 2. Pilot ; 
3. Mechanics; 4. Passengers; 5. Persons who have consigned goods fer delivery. 
Another set of questions arises in the determination of the contractual relations between 
the owner and the pilot and mechanics. In Germany the contract relationship between 
owner and pilot is affected by the use to which the machine is put. A commercial use 
imports a different relationship from ordinary flying. Again, there is a difference in the 
degree and nature of responsibility for their ships and “‘ cargo’ between an aerial pilot 
and a sea captain. 

What are the legal duties of a mechanic towards the pilot ? What degree of obedience 
“an the pilot demand from mechanic or passenger ? There are plenty of interesting 
conundrums hidden away in this little volume ; but without doubt in the fulness of time 
each one will step forth into the light of day challenging solution, and far more time and 
money will be expended in settling one or two points as they arise in practice, than would 
be required for an authoritative and complete determination of all the problems indicated 
in Dr. Meyer’s book, could such academic questions be remitted now to asuitable tribunal. 

J. He 


En quoi consiste la Stabilite. Alex. Sée. (Paris: Gauthier-Villars. 1913, pp. 35. 
Figs.) 

A STATEMENT, in general terms, of what is meant by stability in aviation. The 
statement clears away a good many of the vaguely incorrect notions floating about 
in the general literature of aviation. Emphasis is laid on the sort of stability that the 
pilot requires and wants. Powerful restoring couples are shown to be undesirable in 
gusty weather, and the desire for such, fostered in the early days of flying in still weather, 
must now be replaced by the attempt to establish slight restoring couples so that, in the 
words of the author, the aeroplane may not continually seek to adjust itself to the 
“relative ’ direction of the wind, a direction which is constantly charging. 

A blemish on this excellent piece of logical writing is the introduction of the author’s 
pet fad, the possibility of an elevator which is concave downwards becoming ** engaged,” 
so that a nose dive is beyond control. The present reviewer has never been able to see 
the practical objections, and Pégoud’s performance on the Bleriot monoplane seems to 
remove any fears on the subject. 

Of course, in the long run, all methods, empirical or otherwise, of analysing the 
conditions of stability will be found to be contained in Bryan’s classical paper. But 
Bryan’s conclusions are for the moment in too general a form, and the brochure 
under review is a valuable contribution towards forming a sound body of opinion as to 
what special quality or quantity of stability is wanted—to strain language somewhat. 

A. 


Causeries Techniques sans formules sur l’aeroplane. Capt. du Genie Duchéne. Paris: 
Libraire Aeronautique 1913. pp. 258. Figs. Price 6 frances. 


WHEN an author undertakes to expound a branch of engineering science without the 
use of formule, he limits himself to a small choice of methods. Either he may confine 
himself to mere descriptive matter about the results already obtained, or he may “ dodge ”’ 
mathematical expressions at the expense of a great deal of prolix verbiage. 
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In the present case, the distinguished author compromises between his subject 
and his title and gives an excellent elementary account of the lines which are coming 
to be accepted by useful writers on the technical side of aviation. 

The formule are only half-disguised. For instance instead of writing 

Y = KySV? 
he writes : 
Sustentation = Coefficient of Lift x Surface x Square of Velocity 

Where the relations between his quantities are more complicated than those involving 
multiplication and division they are invariably given in graphical form. 


Thus on page 3 the non-mathematical reader has to read values of the coefficients of 
lift and drag from Eiffel’s polar curves. 


The elementary mathematical methods required are expounded as they come. 


The characteristic curves of sustentation, or lift, and of traction, or drag, are derived 
in the usual way from the Polar curves obtained in the laboratory. 

The elementary properties of air screws are derived from the analogy of a screw, 
boring its way into a yielding solid. 

The relations of power and thrust for geometrically similar screws are stated clearly. 

The divergence from proportionality of the various forces and the squares of the 
velocities are very properly omitted from an elementary account. 

The chapters on stability treat the subject from the point of view of the line of reaction. 
though the metacentric curves are not specifically introduced. 

It is doubtful if the class of readers for whom the work is written would benefit 
much from study of this section. 

As a whole the book is an excellent introduction to the subject, and is incomparably 
superior to any text-book yet produced by an English writer. 

A. Le 


